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PREFACE 


T 


HE present work was originally undertaken by Dr. 
Mary Collins with the intention of giving a popular 
presentation of the methods and results of Experi¬ 
mental Psychology. When the work was at a fairly ad¬ 
vanced stage it became apparent that a much more useful 
book could be produced by somewhat extending its scope 
without losing sight of the general reader, so as to cover 
e ground that a student might be reasonably expected to 
cover in a first year’s university course in Experimental 
Psychology. Dr. Drever offering to collaborate, a thorough 
revision o^the work was undertaken from the beginning 
and its scope extended from this point of view. Some 
modifications were also introduced in the original plan. It 

tiiw '" tended a PP e " d to each chapter a list of illustra- 

hUf P nT»- .r h the reader couId easi ’y P^orm for 
himself, practically no apparatus being required. In the 

ese experiments have been dropped. A number 
how^shortlvto ffhr ?'“ the text - but the authors 

Khttlaf '-u 3 “watery ff uide m Experimental 
a first v5<* t !i W ! U 1 f lc . Iude sucb experimental work as 

“■ tht 

amndix in^ ^ the . nervous mtem wa^'added^ in 

text-book^orfi °[ der ° r ake the book more suitable as a 

text book for first-year classes in Psychology. 

ationof thesdenceof^Pstfhl tha - SyStematic Present- 

now reached V6 " tUre *? ? u SS est tb at the science h L 
‘aught from a point^f 26 -° f de Y® Io P me nt that it can be 

mental. The n™ u T™ Whlch is ^"itely experi- 

p esent book represents an attempt in this 
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direction. It is professedly elementary, but both with re¬ 
spect to omission and with respect to selection of topics 
the aim of introducing the student to General Psychology 
by the experimental pathway is kept in view throughout. 
It should also be noted that the book is intended as an 
introduction to, not a substitute for, such text-books of 
Experimental Psychology as those of Myers and Titchener. 

The authors desire to place on record their indebtedness 
to Mr. L. Inglis Collins for the drawings for most of the 
figures in the text. They would also thank Messrs. Long¬ 
mans for permission to reproduce from Lickley’s The 
Nervous System the following figures in the Appendix: 18, 
19, 23, 24 (from Gray’s Anatomy) and 17 (from Quain's 
Anatomy ). 

M. C. 

J. D 

University op Edinburgh 

January , 1926 * 


PREFATORY NOTE TO THIRD 

EDITION 

S INCE the publication of this book the laboratory guide 
alluded to in the original Preface has appeared undei 
the title: “A First Laboratory Guide in Psychology **. 
The present edition has not been altered in any essential 
respect Several corrections have been made, and a few 
foot-notes added. 

M. C. 

J. D. 

University of Edinburgh 
Noveniber % 1929 
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'"AN INTRODUCTION TO 
EXPERIMENTAL PSYCHOLOGY 


INTRODUCTION 

The Evolution of Experimental Psychology.-t-PsychoIogy was 

one of the last of the sciences to develop tne experimental 

method, at least systematically and on an extensive scaleJ The 

first psychological laboratory was established by Wundt at 

Leipzig as late as 1879.) Naturally this does not represent the 

absolute beginning of the experimental development but it 

does represent the earliest recognition of this development as 

emg sufficiently important, and sufficiently extensive in scope 

to demand the provision of special laboratory facilities with 
special methods and special apparatus. 1 

The laboratory psychology, originating with Wundt’s labora¬ 
tory and for many years known as the “new” psychology 
may be said to have taken its rise from different sources The 
real impetus was derived from Locke and his followers, particu- 
ar y per aps those of the associationist school. One of the 

with "whirh The l hedeVe, ° pm ; nt ° f a P h y siol °gical psychology, 

are so closely intertwined that it is difficult to disentangle t¥e 
^ • r0I ? c ° ne anot ^ er - That they are two quite separate lines 
The Cieil fh ^ p ?Y ess must nevertheless be clearly recognized 

chological laboratory are not problems touching physiolLv It 
a , whereas physiological psychology is little more than^an 

~ °o f f t y bi:!nT itSdf ’ b0th1J: 

with ^°t work ma y be said to have begun to diveree 
w.A the work of Fechner (1801-1887), in so far as that concerned 
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itself with mental measurement and the development of the so- 
called psycho-physical methods. This part of Fechner’s work 
was founded on the generalization known as “ Weber’s Law,” a 
generalization reached by Ernst Heinrich Weber (1795-1878), 
the anatomist and physiologist, on the basis of certain experi¬ 
ments on the,estimation of lifted weights. The words in which 
he expressed the generalization were these: “in observando 
discrimine rerum inter se comparatarum non differentiam rerum, 
sed rationem differentiae ad magnitudinem rerum inter se com¬ 
paratarum percipimus.” That is to say, our estimation of a 
difference depends not on the absolute magnitude of the differ¬ 
ence, but on the ratio of this to the magnitude of the things 
compared. On this generalization, which has since been found 
to hold within limits in other fields of sensory experience also, 
Fechner founded his whole system of mental measurement. He 
first of all obtained a mathematical expression for Weber’s Law, 
which took the form : l — k log R, where I = the intensity of a 
sensation, and R = the stimulus intensity, k being a constant 
determinable for the different senses and for different individuals. 

Fechner’s mathematical formula led to a great deal of con¬ 
troversy with which we need not concern ourselves here. The 
practical outcome was the systematic study of sensation by 
laboratory methods, which became characteristic of this depart¬ 
ment of experimental psychology, designated by Fechner 
“ Psychophysics.” However shaky may be the theoretical foun¬ 
dations of “ Fechner’s Law ” and of his psycho-physical methods, 
of which we shall speak presently, the actual development of a 
new branch of experimental science was a concrete fact which 
no criticism could shake. Beginning thus with sensation, ex¬ 
perimental methods were soon extended to other fields of psy¬ 
chological enquiry—attention, memory, thought, feeling—and 
the development proceeded with great rapidity after psycho¬ 
logical laboratories on the model of Wundt’s began to be 
established in other university centres, particularly in Germany 
and in America. 

It ought to be noted that a movement, to a large extent 
independent of this development, was taking place in England 
under the influence of Francis Galton. This movement later 
coalesced with the German movement in the Experimental 
Psychology of the present day. Galton’s work on the psy¬ 
chological side was in the main qualitative rather than quanti¬ 
tative, and his methods never reached the elaboration of those 
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of Fechner. Nevertheless he must be recognized as a real 
pioneer in several important lines of investigation, and notablv 
m the study of individual differences, which has reached such 

a °* c * eve (°P men f :: in our mental testing methods. 

What then is the nature of this Experimental Psychology 

" at 18 lts relatl on to General Psychology ? Let us begin 
with the answer to the second question. In its development 
as we have indicated, Experimental Psychology has been to 
some extent separate from, and independent of, General Psy¬ 
chology. During last century General Psychology was closefy 
connected with speculative philosophy. In consequence it was 
largely what one might call a “ fireside ” psychology. YhVTis 
to say, an individual, in order to study psychology had merelv 

and observe what went on in his own mind. Nefdless to sav 

difficulty r fi e „Sf' P r 0phiCal ‘ he0ry t0 support ' he had little 

observation nece ffy support in the results of his 

sought the agreeable rather than the to Clt h . 
Experimental Psychology has, however reart P H nn r g { 

and C th l0gy ’ ph,loso P hicaI Psychologist tending to disappear 

mental Psychology, therefore as separate from ^ xperi ‘ 

entirely erroneous view. ExperimSt^l T? 1 ^ prese . nt tlme an 
tial part of General Psychology A nsvJhnl 0 °^ ^ t * 1 essen ‘ 

cxpgmenta.partisto.dly:„fnachro P n^ h ° ,0gy W ‘ th ° Ut the 

study u!d‘e“e e^rttnf 3 desire to 

which are really problems of General Psy!hol!^ d 'ThT P , Tob ! c:rn , s 

cholog/as a whole from a largely 8 of P 3 ^- 


The answer - T tigurous conditions. 

answer to our first question is already indicated. 


The 
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chief method of procedure in psychology may now be said tc 
be similar to that of other recognized sciences. It is in respect 
of its subject matter, not in respect of its method, that psy- 
chology differs from the other sciences. The physical sciences 
study the facts of the material universe. The phenomena 
observed are the phenomena of the movements and interaction 
of material particles in space. On the other hand psychology 
is mainly concerned with mental or psychical facts. Desires 
emotions, thoughts, feelings are typical phenomena for psy¬ 
chological investigation. The difference is a difference between 
the material and the immaterial, between a world in which the 
C.G.S. system of physical units applies, and a world in which 
it does not apply. Between psychology and the other bio¬ 
logical sciences the difference is not quite so marked. Psy¬ 
chology like the other biological sciences studies the phenomena 
of life, but these phenomena are regarded on their inner aspect. 
Apart from this difference of subject matter, and the special 
modifications of scientific method which it involves, there is no 

essential difference between psychology and any other experi¬ 
mental science. j 

The Psychological Experiment.— The real character of Ex¬ 
perimental Psychology will become clear if we consider for a 
moment the nature of the psychological experiment. All 
science is founded on the observation of facts. Observation in 
psychology may take either of two directions. We may observe 
and report our own feelings and mental activities, in which case 
we have self-observation; or we may carefully watch the be¬ 
haviour of others, which may give us a clue to the processes 
going on in their minds. Self-observation, or the looking into 
our own minds, must be supplemented by the data obtained 
from observing the behaviour of others ; our -results will other¬ 
wise be limited in value and scope, and will be biassed by ouf 
individual idiosyncrasies, prejudices, and the like. Conversely 
the reports of others, and our observation of others, can only be 
interpreted in the light of our own individual experiences. Self¬ 
observation is the complementary process to the observation 
of the behaviour of others. 

Self-observation, or introspection as it is more generally 
called, is apt to be considered as a mode of mental exercise 
involving particular difficulty, and the student who begins a 
course in Experimental Psychology is‘inclined to look on the 
recording of his own experiences as a task of which he is incap- 
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able. Yet there is nothing mysterious about introspection. It 
is something we are doing almost constantly in our everyday 
life. Whenever we remark that we are hungry, or have a head¬ 
ache or that we are feeling happy or depressed, we are reallv 
observing and reporting our own experience. This is certainly 
not the systematic, trained introspection of the psychologist 
but in essence it is the same process, though in a more rudimen¬ 
tary form. When we introspect as psychologists, we are merely 
carrying out in a more perfect way a mental process which is of 
everyday occurrence. When we introspect in the course of an 
experiment, we are merely giving expression under special condi¬ 
tions to the thoughts, feelings, and resolves we observe in our¬ 
selves. 

Introspection in experimental procedure is always directed 
towards a certain problem, and controlled along special lines. 

may be that we are interested in imagery, and we arrange the 
conditions of the experiment so that the individual acting as 
subject has to record whether the image in his mind, of a picture 
let us say, which has been previously shown him, is a clear and 

vividne^ nC ‘ Can hC SCe aU the items in the P icture wi th equal 
vividness, or are some seen better than others ? Do all the 

colours /ess vividTh^n 6 Ih^^n P rominentI y, or are certain 

attective, or feeling, side of our experience, and we may arrange 
an experiment to throw light upon this. Certain colours may 
be shown in succession, and the individual may be asked to 
record the subsequent feelings of pleasantness or unpleasantness 

somethin ^ 1 i ^ ‘°. any ass ° dati °“ of that coC with 

attaches. In these Two'examn^ W f hich ^ feeIin S real *y 

interest would be centred exclusively onXiTos^ectioTo/the 6 

It has been frequently asked whether <»i. 
tton is really possible Can we turn h u y tematlc lnt f°spec- 

selves, and lo P ok into the prlce ses w lh " Wer6 ’ Up0 " our - 
minds ? If we are feebn/I h h are ^ 01n S on in our 

can the mind be divided fnto ? two nT f We ® xam,ne our a "ger; 

the case that we destrnv fh g the experience? Is it not 

immediately we commence to ra a e naIyse P lt’ eSS ATauTn Sh 1° 

■mes, some psychologists have co^e to the c?nc^sion'iLfan 
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our introspection is in reality retrospection. With practice 
however, and where the mental process is neither too intense nor 
too transient, the mind, or rather the attention, can oscillate 
between the actual experiencing of the emotion, feeling, desire 

volition, as the case may be, and the more or less systematic 
analysis of that experience. But in some cases, from the nature 
of the experiment, it may be inconvenient to interrupt it at 
every step to record one’s introspection. In such cases recourse 
may be had to the more indirect method of retrospection. We 
may ask the subject to write a report of his experiences at the 
end of the experiment. Such a method does not yield results 
so satisfying as the more direct introspection, since we are 
compelled to rely on the trustworthiness of the individual 
memory. In any case such retrospection necessarily assumes a 
measure of introspection during the event. The two methods 
are thus closely allied, and togetner they furnish the only means 
by which the chief source of psychological data, that is the 
individual’s own experience, can be investigated. 

In some experiments our main interest may lie, not in quali¬ 
tative, but in quantitative results. We may then relegate the 
introspective observations to a secondary place, and concen¬ 
trate our attention on the accumulation and compilation of 
statistical data. Yet it is inadvisable wholly to ignore the sub¬ 
jective aspect, for the records of the subject may throw con¬ 
siderable light upon some vagary in the objective data, which 
otherwise might appear quite unintelligible and inexplicable. 
Hence the report of the subject should as a rule accompany, 

and be employed to interpret, the objective results recorded by 
the experimenter. 

Hitherto we have been speaking of observation so far as it 
concerns ourselves. A considerable field also offers itself for 
study, when we turn to the observation of the behaviour of 
others, for, as we have already seen, we can get a psychological 
interpretation of this behaviour on the basis of our own experi¬ 
ence. For example, if we see a man clench his fists, draw 
himself up to his full height, his whole bearing and attitude 
showing defiance, and his eyes, as the novelists say, flashing 
fire, we conclude that he is angry, and w r e have direct knowledge 
of that inner state from our own experience. If we observe an 
individual with drooping mien, his step w'eary and tired, and 
his whole demeanour suggestive of mental apathy and general 
lassitude, we infer that he is feeling listless and depressed. By 
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carefully noting an individual’s general tendencies one can often 
foretell his behaviour when placed in a certain environment. 
One can say what he will do, how he will act, and foresee the 
attitude he will take up towards a situation. 

In the same way the behaviour of an individual during an 
experiment very often furnishes valuable data to the experi¬ 
menter. This is particularly the case in word-association ex¬ 
periments. It is a well-known fact that words or ideas, which 
frequently occur together, become closely associated in the mind, 
and the presence of one of them in consciousness is sufficient to 
suggest all the other words or ideas with which it is intimately 
connected. An important type of experiment is based on this 
fact. A list of words is prepared for use as stimulus words, 
and the subject is asked to reply to each word separately with 
the first word it suggests to him. It may happen that the 
stimulus words connect with some former incident in the life 
of the individual, or they may bring up some previous emotional 
experience. The responses certainly indicate in many cases 
the general trend of the subject’s thoughts and interests. Those 
things which touch the subject intimately may be made evident, 
if at the same time the external behaviour of the individual is 
observed. We may note a marked hesitation in giving a re¬ 
sponse, accompanied by a fluster and a general air of uneasiness. 
In such a case there can be little doubt that the stimulus word 
is connected with some emotional experience, the expression of 
which the subject is endeavouring to inhibit. In fact it has 
been asserted that, to any one who has eyes to see, our slightest 
gestures, of which we may be totally unconscious, reveal our 
inmost thoughts and character. They are indications of what 

is passing in our minds, it may be consciously, it may be un¬ 
consciously. 

The objective type of experiment, as we may call it, is 
specially important in the field of animal psychology. Animal 
psychology has always been an interesting and important 
branch of psychology. From the study of the lower animals 
we have learned, and may learn, much that throws light on the 
workings of the human mind. In animal psychology field work 
will always be valuable, that is the study of the habits and 

?u! i t V10 i Ur ° f ? nin J als in their natural environment, but recently 
the tendency has been more and more to observe animals under 

strictly controlled experimental conditions, and for some prob¬ 
lems this is the only kind of observation that offers any promise 
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of succesrfirt solution For example we may be interested in 
the process and rate of animal learning. We devise an experi. 
ment in which an animal has to carry out a process of learning 
under our observation. We may use, say, the maze method. In 
tms experiment the animal has to find its way out of a maze 
m order to reach its food. We record the attempts it makes 
note the errors, and their gradual elimination with the increasing 
num er of trials, observe the time taken in each successive trial 
and so on. The results of such experiments with animals have 
olten thrown considerable light on human learning. 

T1 ! e danger which requires to be guarded against in animal 
periments is with respect to the interpretation we place upon 
our results. We cannot assume that the animal is having 
exactly the same experiences as a human being would in similar 
circumstances, and we cannot verify by appeal to introspection 
Hence the experiment must be more purely objective than it 
ever need be with the human being. Our observation must be 
patient, detailed, and unprejudiced. With respect to interpre¬ 
tation it is better to under-estimate than to over-estimate the 
leve of intelligence involved in what appears to be behaviour 
similar to that of the human being. In spite of the difficulties 
however, wonderful results have been achieved in this field' 
and it must also be remembered that investigations can be 

carried out on animals, which might not be conveniently or 
safely carried out on man. 

Some further general remarks on experimentation in psy¬ 
chology will not be out of place. In all psychological experi- 
ment it is absolutely necessary that the individual who is acting 
as subject should approach the investigation in the proper 
attitude. The experiment is useless if the subject comes pre¬ 
pared to expect certain results, since his mind is unduly biassed 
irom the start. He must assume an impartial attitude and 
endeavour as far as possible to obtain a clear, unprejudiced 
result. On the other hand there must be interest in the experi- 
ment a whole-hearted interest and keen concentration, or the 
results will be of little value. An indifferent attitude is entirely 
out of keeping with all. experimental work, but particularly 
does this hold good in psychological experiments. It is also 
essential that the aim of the experiment be clearly understood 
and where apparatus is involved, an intimate knowledge of the 
working of the apparatus is necessary on the part of the experi¬ 
menter for the proper conduct of the experiment. Adequate 
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knowledge of the procedure should be tested and secured before¬ 
hand in a practice series preceding the experiment proper. If 
an experiment continues over more than one sitting (and an 
hour and a half should never be exceeded) what is known as a 

warming-up ” series is also essential at the commencement of 
each work-period. 

It must further be realized that an experiment, simple 
though it may appear, is really part of a larger scheme. It 
involves the isolation and study of one factor, or of one condi- 


tion, and the relation of the single experiment to the larger 
plan should be thoroughly grasped. Otherwise the experiment 
may appear insignificant and useless. “To plan an experi¬ 
mental attack upon any problem in psychology we must first 

reduce it to its simplest terms.” 1 

There is another point that must be attended to in all ex¬ 
perimental work. Once a method has been decided upon it 
must be adhered to rigidly. No modifications are allowable 
until the experiment as such has been completed. In particular 
the experimenter must on no account try to puzzle the subject 
by the insertion of arbitrary catch experiments. If that is done 

lt . 7 1 - onl y cause the subject to become flurried, and the data 
obtained will be of little value. a 

It can be inferred from what has been said that two persons 
are necessary to the carrying out of any experiment One 
acts as experimenter, the other as subject. When the exoeri 

eTerimenb 6 " With , the ° ne sub i ect ' * » usuaUor 

e penmenter and subject to change roles, and for the exDeri- 
ment to be repeated with the new subject. The experimenter 

.s always responsible for the conduct of the experiment he 

on ThrouXuf B* ap P aratUS - ? nd glides P t he investiga 
t roughout. If any particular method is to be adonteH 

such as one of the psycho-physical methods, he alone is re^oon- 

sible for seeing that it is adopted and used correctlv ^Thp 

S rar;. 

giving of his best in respect of that#narf nf ^ ^ ’ 

is going on in his m?nd, although the CTptrimeJfte '"h t what 
valuable informltion 1 S and S estures may gain 


* J. B. Watson, Psych, from the Standpoint of a Behaviorist. 
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. Since the introspection of the subject may form a most 

tW°h t,ant of the re ? ults of the experiment, it is evident 

that his inental and physical condition must be carefully noted 
and recorded. Fatigue, either mental or physical, is not con- 
dudve to results of the best quality, unless where fatigue is 
e condition under investigation, when the results obtained 
from a fatigued subject may yield valuable data if compared 
witn results obtained from the same observer in a fresh condition, 
n any case the state of health of the subject should always be 
noted at the beginning of each work-period. When recording 
introspection it is best to make it as detailed as possible. It is 
etter to err on this side, than to have the subjective report 

me fS re >. scrappy and relatively useless. Let every little fact 
and incident, which may throw light upon the matter under 
observation, be noted down, however trivial it appears. The 
most satisfactory work is done when two individuals carry out 
an investigation in perfect harmony, and without anything like 
a competitive spirit developing, for unless a friendly and sym¬ 
pathetic attitude exists between experimenter and subject, 

great difficulty will be experienced in carrying any experiment 
to a successful issue. ^ 


A S we have already indicated, psychological experiments 
ay . e eit ier qualitative or quantitative. In a qualitative 
experiment we seek to know what the phenomena are in a 

a PP*y some kind of measurement to them. 
As Titchener has put it, “ the object of the qualitative experi- 

men in psyc ology is to describe; the object of the quantitative 
experiment is to measure. * It is evident that the qualitative 
experiment is in general dependent to a much greater extent on 
careful and detailed introspection; the quantitative on the 
other hand is dependent to a greater extent on careful arrange¬ 
ment of the experiment on the part of the experimenter. Ele- 
mentary experimental work in psychology is nearly always 
qua 1 a ive, the quantitative demanding a technique and ex- 

P er im? Ce T^ 11 ^ 1 we c ^ n hardl Y expect in the beginner. 

The Psycho-physical Methods.— Various technical methods 

characteristic of the science of psychology have been developed 
to meet the needs of quantitative experiment. Of these the 
most important and the most characteristic are the psycho- 
physical methods, which we owe, as we have seen already, to 


1 Experimental Psychology , vol. z, pt. I, p. y. 
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Fechner. These methods are mainly applicable to sensory ex¬ 
perience, but many of the principles involved in their use are 
important principles applying to quantitative experimentation 
in psychology as a whole. All sensations have three aspects 
or attributes—quality, intensity, and duration or protensity. 
Some sensations have a fourth attribute which may be called 
extensity, or in some cases possibly voluminousness. The 
quality is the attribute which in a peculiar sense makes the 
sensation what it is—a sensation of blue, rough, sour, as the case 
may be. The intensity is the “ how much ” of a particular 
quality, the protensity is the “ how long in time,** and the 
extensity the “ how big.” The attributes of protensity and 

extensity are the basis of our sensory experience of time and 
space respectively. 

Now intensity, protensity, and extensity are all quantitative 
aspects of sensation, and it is to the investigation of these that 
the psycho-physical methods are particularly applied. The 
problems which arise belong to two main categories. On the 
one hand they have to do with the limits of sensibility, either 
absolute or relative. On the other hand they have to do with 
the conditions of apparent equality, or the conditions under 
which constant errors are produced in the estimation or repro¬ 
duction of intensities, magnitudes, and the like. The first cate¬ 
gory is the more important. We may seek to determine what 
is the smallest intensity of stimulus that will produce a sensation 
or the smallest difference in stimulus that can be apprehended 
as a difference. Problems of this kind are known as problems 
of the threshold—-absolute or differential. Some of them are 
o very great practical importance. For example, in determining 
an individual s acuity of hearing or vision we are concerned with 
a problem of absolute threshold; in testing an individual’s 

pitch discrimination we are concerned with a problem of differ¬ 
ential threshold. 


The standard psycho-physical methods are three in number 

and are usually designated : the Method of Limits, the Method 

C .\ S6S ’ a “ d 5 he Method of Mean Error, 
lhe hrst and second are the methods usually employed in studv- 

IhfrdTn T S ^ b - el0ngm |. t0 the first cate g° r y. the second and the 
Thi , d StUdy ‘" g probem l bel °nging to the second category. 

CasesT thT™ .° SU ? geSt J, hat the Method of R >g b t and Wrong 
n.ttwr the . most universally applicable and most useful of the 

ods. As a matter of fact it is the method least frequently 
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employed. Theoretically it is the most universally applicable; 
practically it involves the expenditure of so much time and 
labour that investigators avoid its use whenever possible. 
Many psychologists, indeed, hold that the exactitude of measure¬ 
ment which it professes to give is illusory. 

(i) The Method of Limits. —The procedure in the method of 

limits is comparatively simple, and consequently it is the method 
most frequently employed for threshold determinations. The 
problem in these cases is to find the stimulus, or stimulus differ¬ 
ence, which yields a sensation, or a difference, that is just notice¬ 
able and no more. If our problem is of the first type, we begin 
with a stimulus which yields a clearly noticeable sensation, and 
reduce its intensity (if we are dealing with intensities) by small 
and regular gradations, until the sensation is no longer felt. 
For example, if R be the initial stimulus, and d be the gradation 
we employ, we should have the experiment going like this: 


R 


subject says “ yes " 

R- 

- d 

do. 

R- 

— 2 d 

do. 

• • 

R- 

m m * 

— (n — i )d 

do. 

R- 

— nd 

subject says “ no.*’ 


If we depended on this series alone, then we should say that the 
threshold lay between R — (w — i)d and R — nd, and we 
should take it halfway between them ; that is, the average of 
these two values would be taken as the threshold. 

If it is a difference threshold we are investigating, we use 
two stimuli, a standard (S) and a variable (V), but otherwise the 
procedure is the same. Let us assume we wish to find the 
threshold above the standard. We begin with a variable above 
the standard, and easily distinguishable from it, and diminish 
it by gradations until the subject fails to perceive any difference. 
Such an experiment would go like this : 

S V subject says “ different ” 

S V — d do. 

S V — 2 d do. 

S’ ’ V— (n—1)<£ do. 

S V — nd subject says “ same.” 
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If we relied on this one series the threshold would be taken as 
the difference between S and the average of V — (n — i)d and 
V — nd. 

The objections to stopping the experiment at this stage are 
fairly obvious. The judgment of the subject will certainly be 
biassed by the fact that he is dealing with a continuously de¬ 
scending series, and therefore knows that a point will come 
sooner or later at which he will cease to be able to feel the sensa¬ 
tion or apprehend the difference. In any case the investigator 
is bound by the principles of scientific procedure to make sure 
that the judgment of the subject is not influenced by such a 
factor. Hence a descending series must always be followed by 
an ascending series. The experimenter begins below the thres¬ 
hold, and increases intensity or difference by gradations as 
before, until the subject answers “ yes ” or “ different ” as the 
case may be. To get the threshold from the two series—de¬ 
scending and ascending—we take the mean of the last value 
on the descending for which we get the answer “ yes ” or 
11 different n and the last value on the ascending for which we 
get the answer “ no ” or “ same.” In all cases, when the judg¬ 
ment of the subject changes, the experimenter ought always to 
go on to the next value in order to confirm. 

Such is the method of limits. It is characteristically liable 
to certain errors, some of which are very difficult to eliminate. 
The errors incident to psychological experiment may be classed 
in three groups (a) constant errors ; ( b) variable errors ; and 
(r) accidental errors. It will repay us to consider briefly these 
three types of error at the present juncture. The method of 
limits is liable to all three, but it is the second group that is 
more particularly characteristic of it. 

Let us begin with accidental errors. The errors we call 
accidental are errors due to unknown causes, and usually 
a large number of unknown causes. They are the errors of 
“observation” which we meet in all quantitative scientific 
work. In the long run these errors show what we regard as a 
purely chance distribution. That is to say they occur as fre¬ 
quently in one direction as the other, and the frequency of 
occurrence of any error is inversely proportional to the magni- 
tu e of the error. In order to eliminate such errors, therefore 
we take as many observations as possible, and the more observa- 
10ns we take the greater will be the accuracy of our mean 
result. With a sufficient number of observations the accidental 
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errors in one direction cancel those in the other direction. 
Hence, in the case of the method of limits, we ought not to 
content ourselves with a single descending and a single ascending 
series, but should take as many as possible of each—say twenty. 

The constant errors differ from the accidental errors in that 
they always occur in the same direction, and they are due to 
causes which are relatively few, and known. It may be asked, 
why they are not avoided. The answer is that they cannot be 
avoided under the conditions of the experiment. Thus, if we 
are comparing two stimuli which cannot be presented simul¬ 
taneously, it may make a difference which we present first. If 
the two stimuli can be presented simultaneously, they cannot be 
presented at the same point in space, and it may make a differ¬ 
ence which is to the right or the left, above or below. Errors 
due to such causes —time and space errors, as they are called 
and constant errors in general are eliminated by taking as 
many observations under the one condition as under the other. 
By taking the mean of all the observations we clearly eliminate 
the constant error. Not only so, but we can in this way calcu¬ 
late the amount of the constant error. Suppose we are dealing 
with a time error. Let q be the amount of this error, p and p 
the results got with the two time orders respectively, and x the 
true result with the time error eliminated. Then, since the 
direction of the time error is reversed in the second series, 

p = x + q and 
p' = x — q, 

hence x = {p + p')/ 2 , as already seen, 
and q =(p — p')l2 . 

We are left with the variable errors. These are errors de¬ 
pending on the trend or attitude of the subject, and varying in 
the course of the experiment. Thus, as any particular piece of 
work goes on, the subject becomes more practised, until the 
maximal practice effect is reached. At the same time, the 
longer the work goes on the more fatigued the subject becomes. 
Practice and fatigue are therefore two sources of variable error, 
which must be guarded against. They will tend to counteract 
one another, but we cannot assume that they will balance one 
another. Hence we must take precautions against the errors 
that will arise. We take precautions against fatigue by seeing 
that the experimental sitting is never so long as to produce 
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appreciable fatigue. The practice effect is not so easily dealt 
with. Theoretically we could eliminate it by seeing that the 
subject was sufficiently practised, that is, was already expert, 
before we began to record our observations. Under such cir¬ 
cumstances the practice gain would be inappreciable. Practic¬ 
ally, however, we find that the elimination of the practice effect 
in this way is not so easy as it seems, the process of becoming 
expert being much slower, and as we shall see later, more 
irregular, than we should at first suppose. In most cases the 
only thing we can do is to take the practice effect into account, 
and at the same time arrange the experiment so as to balance 
it against itself, as, for example, by giving descending and 
ascending series equal advantages as far as practice is concerned. 

Other variable errors arise in connection with the method 
of limits from the progressive nature of the series. In a de¬ 
scending series the subject knows that the intensity of the 
stimulus or the magnitude of the difference is decreasing. Ex¬ 
pectation of the point at which he will cease to experience the 
sensation or notice the difference may lead him to anticipate 
this point. Analogous conditions are of course present in the 
ascending series. On the other hand, the subject may become 
accustomed, or habituated, or accommodated to a certain form 
of judgment, and the point at which the judgment should change 
may thus be postponed. As in the case of practice and fatigue, 
expectation and accommodation will tend to counteract one 
another, but we cannot assume that they will balance one 
another. We can vary their effects by varying the length of 
our series. That is to say we can start at different points in 
the different series, but even then we must to some extent rely 

on the goodwill of the subject, and have the subject's introspec¬ 
tion to guide us. 

In order to avoid the errors due to expectation and accommo¬ 
dation, the method of limits has been modified in various ways. 
One might suppose that the introduction of “ catch ” experi¬ 
ments would eliminate these sources of error. Unfortunately 
catch ” experiments tend to change the whole attitude of the 
subject, and produce with some subjects much more serious 
errors than those we are seeking to eliminate. McDougall how¬ 
ever, has used a modification of the method of limits with the 
introduction of “ catch ” experiments, which appears to be free 
from the graver defects involved in their indiscriminate and 
arbitrary introduction. This modification is known as the 
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Method of Serial Groups. The procedure is very simple. Let 
us suppose we are determining a difference threshold. In place 
of presenting each pair for comparison once, we present them 
five (or ten) times making a group of presentations, and in the 
same group we give five (or ten) “ catch ” experiments mixed 
in haphazard order with the real experiments. The subject’s 
judgments are noted as right or wrong, and in the record the 
real experiments are kept separate from the “ catch ” experi¬ 
ments. When all the judgments in the real experiments are 
correct we go on to the next value. If one error is made we 
repeat the series, and we take as our threshold the lowest value 
in the descending series that gives 80 per cent, correct judg¬ 
ments. The average of this and the analogous value obtained 
from the ascending series yields our final result. This method 
is an excellent one, and there is no doubt that it eliminates 
variable errors due to expectation and accommodation, but the 

method of arriving at the threshold is unfortunately somewhat 
arbitrary. 

Another method of meeting the difficulty is to take the 
series in haphazard order, preserving the serial arrangement in 
our record. The objection to this is that we are virtually 
abandoning the principle of the Method of Limits, and adopting 
that of the Method of Right and Wrong Cases. Hence it is 
very doubtful whether our results reached in this way are really 
comparable with results reached by the employment of the true 

Method of Limits. It is certain that the attitude of the subject 
is very radically altered. 

(2) The Method of Right and Wrong Cases.- -This method is 

sometimes known as the Constant Method. As we have already 
pointed out, it is the most elaborate of all the methods, and 
theoretically the best. Practically its use is circumscribed by 
the length of time the experiment takes, and the somewhat 
difficult and complicated mathematical treatment which the 
results require. It can be employed for the same problems as 
the Method of Limits, but it differs from that method in three 
respects. In the first place a much smaller range of variables 
is used. In the second place each variable is presented a great 
number of times. In the third place the arrangement of the 
variables in a series is haphazard. The threshold is defined as 
that value for which the chances are equal that it will be and 
that it will not be apprehended. If then in a difference thresh¬ 
old experiment we get a variable which is distinguished from 
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the standard on 50 per cent, of the occasions on which it is 
presented with the standard, we take this as the threshold, since 
the chances of being right and wrong in its discrimination are 
exactly equal. For variables on the one side the chances will 
be greater that they will be discriminated, than that they will 
not; for variables on the other side the chances will be less. 


Owing to the fact that the threshold is defined in this way, it 
is evident that its calculation involves and depends upon the 
mathematical theory of probability, and this is the source of the 
difficulty in the treatment of the results. 

The procedure itself is not difficult. To begin with the 
threshold is roughly determined by the Method of Limits. Then 
values round about that are taken, say seven or nine in all, and 
each of these presented a sufficient number of times. For the 
presentation we arrange series of fourteen or eighteen, in which 
each variable occurs twice, but the order is haphazard. Fifty 
such series might be taken altogether, which would give a 
hundred presentations for each variable. The results are then 
tabulated giving the percentage of discriminations under each 
variable. From these results, using mathematical methods 
based on the theory of probability, we calculate the value for 
which the chances are equal that it will, and will not, be dis¬ 
criminated, that is the variable which we may expect to be 
discriminated in fifty out of the hundred presentations. ) 

Where two stimuli are being compared we must see to the 
elimination of constant errors. Let us take for illustration an 
experiment to determine the difference threshold for lifted 
weights. We take as standard a weight of, say, 2000 grammes 
and nine variables differing from one another by 50 grammes on 
both sides of the standard. The experiment is arranged so that 
the weights may be lifted successively from the same place 
at the same rate, and to the same height. This can be done 
by lifting from a rotating table, in time to the beating of a 
metronome, and up to a string stretched across between the 
uprights of two retort-stands. By lifting from the same place 

m^ VC ehm . lnated the s P ac e error, but since the weights are 
fted successively there is still a time error involved. Hence 

we must arrange that the comparison be made as often with 

standard first as with the standard second. The subject is 

saving r Pare ?! tW ° we ‘6 hts ’ and give his judgminfby 

There are eilht T.f '? grea J er ' e< 5 uaI t0 - or Iess than the first 
lhere are eighteen lifts in each senes, each variable being given 
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twice with the standard in haphazard order. To make the 
experiment sufficiently brief to be carried out in an ordinary 
experimental course, we should take ten series with each time 
order. These ought to be arranged so that neither time order 
gets any advantage from practice. For example, if our first 
series is with the standard first, our next two will be with 

the standard second, our next two with the standard first and 
so on, our last being with the standard first. 1 

To make full use of the data obtained from such an experi¬ 
ment, elaborate mathematical treatment is, as we have seen 
necessary. For that the student must be referred to more 
advanced text-books. An approximate result, however, may 
be obtained without any very serious mathematics, by inter¬ 
polating a value corresponding to 50 per cent, greater or 50 per 
cent, less, according as we desire the upper or the lower thresh- 
old. Thus if 2100 is judged greater in 60 per cent, of the 
judgments, and 2050 in 45 per cent., we interpolate a value 
corresponding to 50 per cent, by means of the formula : 


2100 (50 —- 45) -f- 2 050 (60 — 50) 

60 — 45 7 * 

This gives us 2066*6, and the upper threshold is therefore 66*6 for 
the particular time order we are dealing with, i.e!, standard first, 
f for the other time order it is 75> we get our true threshold by 
the average of these, 70*8, and our time error by the procedure 
already described. The time error in this case would be 4*2. 
A time error is taken to be positive when it tends to increase the 
yalue of the stimulus first presented. It is therefore positive 
in this case. The same procedure, taking the judgments less 
in the same way, would give us the lower threshold. The 
objection to this method of calculating the threshold is that we 
are entirely neglecting a large portion of our data. 1 

Certain characteristic phenomena of the Method of Right 
and Wrong Cases deserve some notice. In some cases the 

on the comparison of the 
9 om pared. This may happen in several ways. 
When a large difference immediately precedes a small difference, 
or vice versa, or when a heavy variable immediately precedes a 


i v. 1 F ? r a fommla d ue to Spearman, which does not require the use of the 

ol?S227 s ° f thC theOIy ° f P robabiIit y> see Brit. Journ. of 
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light variable, or vice versa, the contrast effect may influence the 
judgment. More generally the judgment may be based on com¬ 
parison of the variable, not with the standard, but with the 
variable in the preceding experiment. This is what is known 
as a side comparison . Then again the subject may judge on 
the basis of the absolute impression of a certain variable as 
heavy or light. Phenomena of this kind are inevitable, but 
careful introspection on the part of the subject ought to enable 
the experimenter to take note of them. One other point! It 
not infrequently happens that the results actually got show 
what are known as “ reversals.” When we get a smaller per¬ 
centage of ** greater ” judgments with the larger variable than 
with the variable next below it in magnitude, we have what 
is known as a “reversal of the first order.” Such reversals 


always indicate defect somewhere in the conduct of the experi¬ 
ment, and unreliability in the results. “ Reversals of the 
second order ” are not so important, and are rarely absent. 
In this case the rate of increase of “ greater ” judgments 
shows a diminution in place of an increase, with increasing 
difference from the standard. Such reversals are simply in* 
dications of the complexity of the factors we are dealing with, 

and of the irregularity of the results in psychological as con¬ 
trasted with physical experiment. 

(3) The Method of Mean Error. —The third of the psycho¬ 
physical methods is sometimes known as the Method of Produc¬ 
tion. It differs from the other two, not merely in the procedure 
adopted, but also in the kinds of problems for which it is em- 
p oyed. We use the Method of Mean Error to investigate the 
conditions of apparent equality, the conditions under which 
the estimation or reproduction of intensities, magnitudes, and 

mW k *V S a , ffe ^ ted by constant errors, and the direction and 
magnitude of the errors. With respect to procedure, the sub- 

re , qu ' red alter the variable, so as to make it equal to 
the standard (or bear any given relation to the standard) Let 

it S is U equal t^a T \° ChangG a VariabIe len § th tiJ l 

simultaneously before him, and provision being made for a 
wil/be a sLci Chan§m - g the , variabIe Ie ngth. In this case there 

mU be take " t0 eknl ‘ na te and calculate 
space error. The same measures will of course be taken 
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of tiror^A an ^ c ^ lcuIate th * effect of any other constant source 
f error. A sufficient number of experiments will be taken tn 

eliminate also any accidental errors. When we take the mean 

of all the subject s estimates, we have a'value which we can 

take as equal to the standard for that particular subject and 

under the particular conditions. This is the value which the 

subject is, as it were, trying to hit every time. The average of 

whiVh e ^ latl0nS i fr ° m thlS CaI1 the “ mean vari able error ” 

the physical sciences. The difference between this value the 
subject is trying to hit and the standard, however, is an err 7 r 

error - The ^ lff . erent . s0 ^- ^ » known as the “ crude constant 

to determine the constant factors which are producing it, and 

the proportion of the error to be attributed to each factor. The 

principles which guide our procedure have been already dis- 
cussed m dealing with constant errors. 

The Measurement of Time. —Certain technical methods em¬ 
ployed in the measurement of short time intervals must also be 
briefly described. The measurement of time is often of very 
great importance in psychological experiments. Where we have 
to measure a considerable period-ten seconds or mo 7 l-^y 
ordinary stopwatch is sufficiently accurate for most purposes. 
For shorter periods we must employ more delicate apparatus. 
Special stop-watches are made, measuring to a tenth of a second 
or ess, but for time intervals less than a second no stop-watch 
is capable of giving anything but a very crude measure. For 
the accurate measurement of all such intervals some type of 
c ronoscope must be employed. Several types of chronoscope 
have been devised for psychological purposes. The one most 
frequently found in the psychological laboratory is the Wheat- 
stone- ipp ronoscope. This gives readings in thousandth 
parts of a second. It consists of clockwork driven by a weight, 
and controlled by a spring vibrating a thousand times a second. 
There are two dials, one reading in tenths and the other in 
ousandths of a second. The hands are engaged with the 
clockwork by a clutch operated electrically by means of electro- 
magne s. at is actually measured is the time during which 
a current passes, or during which a current is interrupted. 
Hence in usmg the chronoscope it is necessary for us to arrange 
that the interval of time we wish to measure is simultaneous 

^ tu o'™ , n ^ or breaking of an electric circuit. 

ihe bchultze chronoscope is a modification of the Wheat- 
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stone-Hipp. Another chronoscope, the d’Arsonval, does not 
differ in principle except for the fact that the clockwork is driven 
by a spring. It only gives readings, however, in hundredths or 
two-hundredths of a second. The Phonic Motor chronoscope 
and the Johns Hopkins chronoscope are motor driven. They 
are practically identical except in name and in place of origin, 
the one being British 1 and the other American. The motor is 
of the synchronous motor type. It is ten-pole, and the interrup¬ 
tions of the current are made by a tuning-fork or a vibrating 
lamella. The units are determined by the rate of interruption, 
a tuning-fork of ioo vibrations per second giving readings in 
thousandths. As in the other chronoscopes the hands are 

engaged and disengaged by an electro-magnetic clutch 
mechanism. 

The most general method for the measurement, as distinct 
from the direct reading, of short time intervals is by means of a 
graphic record. The usual way of obtaining this is by using a 
smoked drum. A metal cylinder is rotated by clockwork or by 
a motor. Paper is fastened round this cylinder, and given a 
coating of soot by means of a smoky flame. On this smoked 
surface the start and finish of the interval we wish to measure 
is recorded by means of a light marking point attached usually 
to an electromagnet. Or we may record the whole course and 
direction of some process, the time relations of which we wish 
to ascertain, as, for example, pulse, breathing, and the like. 
Along with this record, and underneath or above it, we place 
our time record. When the time intervals are relatively long 
we get a sufficiently accurate measurement by marking seconds 
half-seconds, or fifths of seconds. When the time intervals are 
short we mark the vibrations of a tuning-fork, which vibrates 
fifty, a hundred, or two hundred and fifty times a second as 
the case may be. In fact, it is clear that we may obtain even 
finer measurements by recording the vibrations of forks or 
lamellae of still greater frequency of vibration. The ordinarv 
device for transferring the time units to the smoked surface 
is by a marker magnet and electric circuit, the circuit being in- 
terrupted every second, half second, hundredth of a second 

oerm^nf * 5 ® ^T, Umt W * ^ Usin S’ T ° make the records 
p mj *nent, and enable us to measure the times at our leisure 

we cut the paper off the drum, and pass it through a dish contain¬ 
ing spirit varnish. r 6 tonrain- 

1 The Heythrop Phonic Chronoscope is the most recent of this type. 
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The Statistical Treatment of Data. —In order to eliminate 

accidental errors, we have seen, it is necessary to take a number 
of observations sufficiently great to warrant us in assuming that 
the errors in one direction will be cancelled by the errors in the 
other direction. We thus get a number of individual results, 
each professing to measure the same thing, and the question 
arises as to which of these results we are to take. The same 
kind of situation arises in the physical sciences whenever we 
attempt to get a very precise measurement. ,We have hitherto 
assumed that we get the true result by taking the average or 
mean of our observations. This is tantamount to assuming 
that the individual deviations from this value are distributed 
as they would be if the distribution was entirely due to chance. 
The conception of normal distribution is an important one in 
psychology, and in the biological sciences generally. Normal 
distribution is a distribution which presents the appearance of 
being due to pure chance, and which therefore accords with a 
distribution deduced from the mathematical theory of proba¬ 
bility. Let us imagine a not too expert rifleman aiming at the 
centre of a target, and shooting an indefinite number of times. 

If no constant factor is influencing the direction of the shots, 
we shall find them distributed all over the target, but in a char¬ 
acteristic way. They are clustered much more closely about 
the centre, and the farther we go from the centre the fewer 
shots we find, until we reach a distance within which all the 
shots have fallen. The rifleman is like an observer trying to 
make an accurate measurement. The distance between the 
centre and the place where any shot hits the target is analogous 
to an error of observation or measurement in a particular case. 

If we plot a curve showing the frequency of occurrence against 
the magnitude of the errors, we get a curve like that shown in 

Fig. 

The curve indicates that the frequency of an error 
varies inversely with its magnitude. The actual relation, as 
deduced from the mathematical theory of probability, is given 
by the equation to the curve, y = ke~ h * K *, where x is the magni¬ 
tude of an error, and y the frequency of its occurrence. Theo¬ 
retically an error of infinitely great magnitude may occur, but 
it occurs infinitely seldom. Practically there are definite limits 
dependent on the accuracy of the measurements, and the magni¬ 
tude of h in the equation is an indication of this accuracy, or of 
the scatter of the individual measurements. 
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Not only do errors of observation or accidental errors show 
normal distribution, provided we take a sufficient number of 
measurements, but measurements of the same character, 
physical or mental, in a number of different individuals show 
the same type of distribution, provided we have a sufficient 
number of individuals and they are not selected on the basis of 
some character related in some way to the character we are 
measuring. If, in either case, normal distribution is not shown, 
we infer in the one case a constant factor—or it may be constant 
factors—determining a bias in a particular direction, in the 
other case a selective factor—or selective factors—destroying 
the representative character of the group of individuals measured. 

Now, with normal distribution, it is clear that the magnitude 
whose frequency is at the apex of the curve is the correct measure¬ 
ment, corresponding to an error of ± o. It is also evident that 



Fig. i. 


this magnitude will be the mean of all the observations. It 
will also be the middle value or median. Further, the magni¬ 
tude occurring most frequently in a series of measurements is 
known as the mode. Hence, with normal distribution mode 
median, and mean, all coincide, and it is indifferent which we 
take as representing the result of our measurement. Actual 
measurements, however, rarely show more than an approxima¬ 
tion to normal distribution. With the relatively small number 
0 observations possible under the conditions of most psycho- 
ogical experiments, we could hardly expect otherwise. The 

^ n f r r. w. * ^ # representative value 

eretore may m certain circumstances become important’ 

v a w y thC ™ an V 3 taken * Where one or more eccentric 

«inJ^° CCUr * a rel ? tlveI y short series » the median is better, 

n eccentric value affects the mean in proportion to its 



24 


EXPERIMENTAL PSYCHOLOGY 


eccentricity, and does not affect the median any more thar 
values that are not eccentric. Sometimes, though rarely in 
ordinary experimental work, the mode may be taken, where a 
great number of measurements through a relatively small range 
is available. 

Whatever representative value is taken must always be 
accompanied by some indication of the extent to which it is 
reliable or really representative. If we revert once more to 
our normal distribution curve, we see that this may vary in the 
height relatively to the width, according as the observations are 
crowded close about the mean, or widely scattered. The greater 
the scatter the less reliable is the series of measurements as a 
whole. So in any series of measurements the more widely the 
individual values are scattered, the less significance can we 
attach to any representative value we obtain. Its reliability 
as a measurement might be said to vary inversely with the 
amount of scatter of the individual measurements. Hence, 
whenever we give a mean or median, we must also give some 
indication of the degree of scatter, to show the degree of signi¬ 
ficance to be attached to the mean or median. With the mean 
the simplest way to do this is to calculate the average deviation 
from the mean of the individual observations. This is known 
as the mean variation. Mathematicians prefer to calculate 
what is known as the standard deviation. This is the square 
root of the mean of the squares of the individual deviations 
from the mean. This last measure of dispersion is usually 
denoted by a, and for certain purposes, as we shall see presently, 
it is necessary to calculate it rather than the mean variation. 
With the median the simplest measure of dispersion is what is 
called the semi-interquartile range, or—erroneously—the prob¬ 
able error. The median is the middle value, and the values 
equidistant between the median and the two extremes are 
known as quartiles. The difference between the quartiles is 
the interquartile range. 

Some very important investigations, both psychological and 
anthropological, are based on the determination of the relation 
between two characteristics which have been measured in a 
group of individuals. This relation is indicated by what is 
known as the correlation coefficient. The theoretical basis for 
correlation work may be said to be Mill’s fifth canon of induction. 

“ Whatever phenomenon,” he says, “ varies in any manner, 
whenever another phenomenon varies in a particular manner, 
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is either a cause or an effect of that phenomenon, or is related 
to it through some fact of causation.*' This is the canon or 
principle of “ concomitant variation.” We argue then that, if 
two characters vary concomitantly in a group of individuals, 
and to the extent that they vary concomitantly, they are caus¬ 
ally related. The extent to which the characters vary con¬ 
comitantly is given by the coefficient of correlation. In the 
standard method for calculating this we first of all express each 
measurement in terms of its variation from the mean, with the 
sign -f- or — according as it exceeds or falls below the mean. 
The coefficient of correlation (r) is then given by the formula: 

r _ £{ x y) 

N 0 X 0y 

where x and y are the variations from the mean in the two 

series of one individual, <r xt <r y the standard deviations of the two 

series, and N the number of individuals. Other simpler formulae 

may also be used. (See App. B.) Generally speaking, the 

simpler formulae are sufficiently accurate for most purposes. 

The significance and use of the correlation coefficient will be 
considered later. 
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T HE eye, which is the organ of vision, is a single sense 

organ in that it yields only one kind of sensation, that 
of seeing. 1 Our visual experiences have their origin in 
rays of light impinging on the retina of the eye, caused by the 
vibrations of the ether which surrounds us. These vibrations 
vary considerably in wave-length, and only certain wave¬ 
lengths affect the retina. Approximately, we experience visual 
sensations from ether wave-lengths between 760 /m (micro¬ 
millimeter or one-millionth part of a millimeter) and 300 uu. 
The colour we know as red has the longest wave-length violet 
the shortest, while the other colours fall intermediately between 
these two. Wave-lengths longer than those which produce the 
colour red (the infra-red rays) are experienced not as visual 
sensations but as sensations of heat: similarly wave-lengths 
shorter than the violet rays (the ultra-violet rays) have been 
shown to give rise to a chemical action which can be recorded 
on a sensitive plate. Ordinary sunlight can be split up into 

these three different kinds of rays, but the intermediate wave- 
lengths alone are visible to us. 

Our visual sensations divide themselves into two distinct 
groups. On the one hand, we have the whole realm oflight 
sensations ranging from the most dazzling white to the deeoest 
black; while on the other hand is the wealth of all our colour 

first a n1 0nS ’ ft dS> g 1 reen 1 s » y elIows > etc - Let us consider, in the 
T /st place, the colourless or achromatic series, as it is called 

we were to arrange the components of this series in order 
from its one extreme to the other, it would take the form of a 

vrev S t!fh/ n< l eXt T endmg fr ° m white through various shades of 
g y to black. Language fails to describe the differences in the 

components of this series, for it reduces them to three white! 

1 See Appendix A for a description of the structure of the eye 
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grey, and black; but we find by comparing whites differs 

fhe W nuX SS: f S T-' ar ' y b,aCkS " AS 

u ° f y hltes » g re ys> and blacks possible to 

7 oo and^Soo ^ be6n estlmated as *y in g somewhere between 

1 he colour or chromatic series is more complex, and cannot 

fh.nK ange ??°u a Stra ! ght line * Newton, who investigated 

* Y" °n * 5 ® SUn , are P assed through a prism, they are broken uo 
into all the colours of the rainbow or spectrum; red, orange 

yellow, green blue, and violet. (Sometimes indigo is added 
between the blue and the violet.) This list of colour elements 
t must be understood, is convenient rather than scientific for 
the number of different wave-lengths in the spectrum is’un¬ 
limited and further, the number of recognizable wave-lengths 
a is the psychological number, far exceeds seven. However* 
let us take the familiar colours of the spectrum and try to arrange 
them in some kind of serial order. If we start with red which 
occurs on the extreme left of the spectrum, we find as we travel 
on towards the right, that the red gradually changes its colour 
beginning with a very red orange until what may be called pure 
orange is reached. Continuing, we pass from orange to yellow 
through all the intermediate shades until the red has become 
completely eliminated. At this point a change of colour 
becomes visible, and as we pass from the yellow, a faint tinge 
of green makes its appearance. All the varieties of greenish- 
yellows and yellowish-greens reveal themselves until pure green 
is reached. Here, again, we must pause, for a new colour 
appears, and we find our green becoming more and more bluish 
until the green is totally eliminated and pure blue becomes 
visible. At blue our colour changes again, but this- time no 

ne Tj- C ° °^ r e ^ em . en ^ ,* s added. We see our blue acquiring a 
reddish tinge which in the spectral series finishes incompletely 

m the violet. ^ But if we continue the series through the purples 
and the carmines we arrive back again at our starting point in 
the reds, the red of the extreme left of the spectrum. 

The colour series accordingly can be represented as a 
circular series, and the passage from one colour to another 
is a steady one of gradual progression. It is interesting to 
note, however, that the spectral senes differs in two ways 
from the psychological series. The psychological series is a 
complete series including the purples and carmines: the spec- 
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tral is incomplete not including these colours, but stopping at 
the violet. Further, the red of the spectrum is not the pure 
red of the psychological series, but contains some yellow; the 
true red lies outside the spectrum altogether, somewhere nearer 


the carmines. 

In ordinary life, we rarely see pure colours such as we see 
in the spectrum, but our colour sensations are always mixed 
with some component from the brightness or colourless series. 
The combination of the two series gives us our enormous 
number of shades and tints, about 30,000 in all. 

If the solar spectrum be examined, it will be found that it 
does not appear continuous, but it is crossed here and there by 
minute parallel lines. These were first described by Wollaston 
in 1802, and in 1814 Fraunhofer mapped them out carefully on 
a spectral chart. These Fraunhofer lines, as they are generally 
called, are of great service in all colour work, for they are in¬ 
variable in position. Consequently, they serve as lines of refer¬ 
ence and also are convenient points for marking out the limits 
of the different colours. The names of the alphabet from A to 
H have been given to the principal lines, and these have been 
associated with different regions of the spectrum. Helmholtz 
has analysed the spectrum in the following table: 


Line. 

Wave-length in /ijo. 

Colour. 

A. 

760*40 

Extreme red. 

B. 

686*853 

Red 

C. 

656*314 

Junction of red and orange. 

D. 

/ 589*625 \ 

\ 589 024 / 

Golden yellow. 

E. 

526-990 

Green. 

F. 

486* 164 

Cyan blue. 

G. 

430*825 

Junction of indigo blue and violet. 

H. 

396-879 

Limit of violet. 


Change in wave-length, accordingly, produces a change in 
colour, or in hue or in tone , but the correspondence between 
them is not constant. At the two extremes the hue changes 
very slowly and beyond a certain limit no difference is notice¬ 
able. In the centre, however, round the yellows and the blue- 
greens, the colour tone undergoes a rapid change. 

But a further difference is apparent in the colours of the 
spectrum. They differ greatly in brightness or in luminosity. 
The point of maximal brightness lies in the yellow region some¬ 
where near the D line, and a continuous decrease in brightness 
takes place on either side of it. Violet, in fact, is the darkest 
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colour of all. Some claim that this brightness value of the 
spectral colours is a distinct attribute which has no correlate 
in the physical world. The one colour is simply darker or 
brighter than another. Others assert that the brightness value 

depends upon the intensity of the stimulus which, in turn, varies 

with the amplitude of the 
White light waves. * However that 

may be, it has been shown 
that if the intensity of the 
stimulus is increased be¬ 
yond a certain point, the 
colour tone changes, red, 
orange, yellow acquiring a 
yellow tinge, blue-green, 
blue, and violet approxi¬ 
mating to blue, while 
green passes directly into 
a light grey. If the in¬ 
tensity is still further in¬ 
creased, all the colour 
sensations are replaced by 
colourless ones. 

Finally, the pure spec¬ 
tral colours, as we have 
already indicated, may be 
mixed with some com¬ 
ponent from the black- 
white series. The more 
white light they contain, 
the less saturated they are 
said to be ; a red differs 
from a pink in being more 
saturated. Colours mixed 
with black give us our 
Black shades, with white our 

Fig. 2. —Colour Cone. tints. 

These four character¬ 
istics of colour or hue, brightness or luminosity, intensity, and 
saturation, enable us to distinguish one colour from another. 

Our colour sensations may be diagrammatically represented 
by means of a colour pyramid or a colour cone, as in diagram. 
(Fig. 2.) The colour series are represented by a series of circles, 
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the brightness series by a line at right angles to and passing 
through the centres of the colour series. A series of colours, 
all of the same brightness, can be represented by a circle, with 
the most saturated colours on the circumference of the circle. 
The centre of the circle is intersected by the black-white series, 
and accordingly represents a grey of the same brightness as 
that of the colours. Along any radius of the circle we may pass 
from a fully-saturated colour to a gradually diminishing colour 
until grey alone is reached. 

Colours a little brighter will arrange themselves in a similar 
circle, though slightly smaller in dimension, above this first 
circle: colours slightly less in brightness similarly are repre¬ 
sented by an equally sized circle below. The decrease in area 
of the circle is due to the fact that when the brightness of 
colours is increased or decreased, they lose in saturation. In 
this way circle after circle of gradually diminishing size may be 
built up on either side of the central circle until the apices of the 
cone are reached, with dazzling white at one end and a dead 
black at the other. This double cone represents all the shades 
and tints of every colour, and further shows the mutual relation¬ 
ship and dependence existing between the chromatic and the 
achromatic series. When a pyramid is used, it is four-sided 
with the principal colours, red, yellow, green, and blue localized 
at its four angles respectively. 

Co lour-Mixing. - —The hue of any colour, as we have already 
seen, depends upon the wave-length which is stimulating the 
retina. But curiously enough, we may experience a definite 
colour sensation in the absence of the corresponding wave¬ 
length. All that is necessary is that wave-lengths be present 
simultaneously, whose average wave-length is equal to that 
producing the particular hue, in the same way as a wave-length 
corresponding to yellow and a wave-length corresponding to 
green striking the eye at the same time, combine in the sensa¬ 
tion yellowish-green. In other words, the wave-lengths fuse as 
they are thrown together on the eye. This same principle is 
made use of in colour-mixing. Instead of the colours being 
thrown simultaneously on the eye, they are thrown alternately, 
but in such rapid succession that they appear to be stimulating 
the retina simultaneously. This is made possible by the fact 
that each excitation process outlasts the stimulus owing to the 
nature of the response of the retina. When the rotation of the 
colours is sufficiently increased, fusion takes place and one 
continuous sensation results. 
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From colour-mixing various interesting facts can be educed. 
The method employed is a simple one. The colour wheel is 
placed in a good light. If we wish to combine two colours, we 
arrange two discs of paper each cut along one radius. These 
are interlocked in such a way that when placed on the colour- 
mixer their edges will not face the direction in which the wheel 
is rotating and in consequence become torn. This allows the 
proportions of the two discs to be altered at will. The discs 
are then placed on the axis by means of the small holes cut out 
of their centres. They are then ready for rotation, either by 
hand or by motor. When the adjustment appears satisfactory, 
the sector of each disc is measured in degrees. If the discs ha 
been of red and yellow respectively, their fusion would reveal 
various shades of orange, beginning with the red element 
strongly visible, and the yellow barely perceptible, passing 
through the phase where red and yellow in equal sectors produce 
pure orange, until the yellow becomes the predominant colour, 
with the red just discernible. That is, all the colour tones 
between red and yellow may be produced in this way and this 
holds true of all adjacent colours in the spectrum, 1 heir ad¬ 
mixture results in all possible combinations of colour with the 
component colours clearly visible. For example, yellow and 
green give us all tones of yellowish-greens and greenish -yellows, 
green and blue produce greenish-blues and bluish-greens, while 
blue and red result in all hues of violets, purples, and carmines. 

It is evident, therefore, that all the colours of the spectrum 
can be obtained with fewer than seven colours. The four 
colours red yellow, green, and blue, are sufficient a fact 
realized in building up the colour pyramid. Further, red, green, 

and blue lights alone, combined in various ways'^‘others 
the colours. The fusion of the first produces yellow the othere 

are as before. These three colours are known as the primary 

colours for they cannot be analysed further. ... .. . 

White light may be produced in various ways. A disc whic 

contains in certain proportions all the colours of th * 

will be found, on rotation, to appear colourless., Bu , g , 

all the colours are not essential, and if we re . duc «‘ 1 J e “ u evoked 

Further, the three primary colours in themselves yield whe 
mixed in definite ratios, a colourless sensation. What is mo 
interesting still is the observation that colourless ““^‘ons are 
educed by the mixture of special pairs of colours. It has aire y 
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been shown that if a yellow disc and a green disc are placed on 
a colour wheel and rotated, the resultant colour is yellow-green. 
The more the yellow preponderates, the nearer to yellow will 
be the yellow-green, and conversely the more green is pre¬ 
dominant, the nearer to green. It will be found impossible, 
however, to eliminate either component. If the same yellow 
is taken, but this time mixed with a certain shade of blue, a 
totally different effect will be produced. Neither a bluish- 
yellow nor a yellowish-blue will be obtained, however much 
the discs are altered. As more blue is introduced, the yellow 
will become less and less saturated until no yellow is distinguish¬ 
able at all. If the blue is commenced with and the yellow 
gradually introduced, it will result in the blue becoming less 
and Jess saturated. Between these two extremes a point will 
be found at which neither blue nor yellow will be visible. The 
one colour has cancelled the other, and a colourless sensation 
or a grey is produced. Such colours which when mixed in 
certain proportions give grey, are called complementary colours. 

The following are the wave-lengths of complementary colours 
given by Helmholtz. 1 


Colour. 

Complementary Colour, 

Ratio of Wave- 
Lengths. 

Red . . 656*2 

Orange . 607*7 

Yellow . 585*3 

Yellow . 573-0 

Yellow . 567-1 

Yellow . 584*4 

Green-yellow 563*6 

Green-blue . 492*1 

Blue . . 489*7 

Blue . . 485*4 

Blue . . 482*1 

Indigo-blue . 464*5 

Indigo-blue . 461*8 

Violet . . 433 

and beyond 

I *334 1 

1 * 34 ° 

1 240 

1*190 

1*221 

1*222 

1*301 

! 


For every colour it is possible to find a complementary • 
black and white, although not colours, may also be regarded as 
complementary. Why is it, it may be asked, that blue and 

tk ° W w ben mixed, produce not grey, but green ? 

i e reason les in the different constituents of pigments. A 
blue pigment reflects blue light, but it also reflects a little green : 

mhri!i \f eflect !, ye 0w light but also g reen in addition. When 

* . * ue antl yellow as complementaries cancel each other 

ln ff green as the result. Similar results are obtained from 



1 Quoted from Parsons, Colour 


Vision , p. 38, 2nd edition. 
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other pigments. It is not that they act contrary to colour laws, 
but their mixture depends upon the particles of which they are 
composed. One writer explains the phenomenon by an illustra¬ 
tion of blue and yellow glass. 1 The blue glass absorbs red, 
yellow, and orange light, allowing the blue rays to pass through 
and also some green ; the yellow glass, on the other hand, allows 
the red, yellow, and orange to pass through, also some green, 
but absorbs the blue. If both the blue and yellow glass act 
together, the blue glass keeps out the red, yellow, and orange, 
the yellow glass the blue, while in both cases green alone is 
allowed to pass. 

The brightness value of the mixture of a pair of complemen¬ 
tary colours can readily be obtained by a colour-mixer. Place 
the two colour discs, say blue and yellow, as before on the 
colour wheel and adjust the sectors until a colourless sensation 
is satisfactorily obtained. Then measure the sectors. Still 
keeping the colour discs on the wheel, put in front of them two 
smaller interlocked discs of white and black. These two, 
naturally, yield grey when rotated, the grey becoming lighter 
or darker according as the white or black predominates. The 
aim is now to adjust the smaller discs to the same brightness 
as the larger discs. Once the black-white discs are there for 
comparison, a colour may appear still visible in the larger discs 
which had remained unnoticed before, even against the grey of 
the background, which is essential in all colour experiments. 
If such is the case, the outer discs will require readjusting, and 
a fresh measurement must be taken. In the final match no 
difference between the two discs should be perceptible. An 
equation can then be obtained giving the brightness equation 
for these two particular colours, viz. A° Yellow + B° Blue 
= C° Black -f D° White. 

Flicker. —In colour-mixing, the fusion of the discs of coloured 
or colourless paper, depends upon the rate of rotation of the 
colour wheel. When the wheel first begins to rotate, the stimuli 
are of insufficient frequency to produce fusion, and flicker is 
produced. It is possible to distinguish two kinds of flicker, a 
coarse glittering flicker which appears first and then passes into 
a finer tremulous flicker. Once complete fusion has been ob¬ 
tained, no further change is visible in the disc, no matter how 
long or how quickly rotated. Flicker may be due to the colour 

1 Scripture, Thinking, Feeling, Doing, p. 128. 
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element or to the brightness element, or the total flicker may be 
caused by both. Flicker due to colour, is always eliminated 
first. Flicker, therefore, depends upon the brightness of the 
colour or colourless sensation, and also on the illumination at 
the moment of rotation. The brighter a colour sensation is, 
or the more intense it or a w colourless sensation is, the quicker 
must be the rotation before flicker is abolished. The precau¬ 
tion is therefore to be noted, that in all colour-mixing experi¬ 
ments, care must be taken not to pass any judgment on the 



Fig. 3 


rotating discs until flicker has been completely eliminated in 
other words, until complete fusion takes place. y d ’ 

Talbot and Plateau investigated this phenompnnn 

relation between the brightnesses P of ThT* 5 j. 0 .^ sc f tain the 
stimuli and the brightnesf of the to til t ' ndlvldu ^ periodic 

rtafthftl Ih th K TaIbot - PIateau Law which is "toThe Iffect 
that the total brightness after cessation of flicker is eaual to 

mean of the brightnesses of the individual stimuli. This is wed 
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shown by the accompanying disc in the margin {Fig. 3). It 
matters not how black and white, for example, are arranged 
on a disc, the total effect in each case is a grey of the same 
brightness. On each of the five rings of the disc, the black 
and white are differently distributed, but on rotation each ring 
assumes a uniform grey. The brightness of each concentric 
ring is the same as it would be, had all the light been reflected 
uniformly over its surface. As the disc comes to rest, good 

flicker effects are visible. . . .. , 

If a white sector be interlocked with a black disc, and 

rotated very slowly, certain interesting features are revealed, 

due to the persistency of the white sensation beyond the time 

of stimulation. The .« primary image ” from the stimulus does 

not appear as of uniform brightness, but it is possible to see on 

it a series of black bands in the form of radii. These are known 

as Charpentier’s Bands, although this phenomenon of recurrent 

vision was first described by Bidwell. . * 

Under bright illumination and with more rapid rotation ot 

the same discs, various colours may be seen on the white surface. 

These are generally spoken of as Fechner’s colours. The same 

effect may°be*obtained by using the Ta.bot-Plateau djsc^ut 

on anv one portion. A little practice may be necessary before 
the colours become visible. These colours seem to be explained 
by the difference in retinal inertia for the different tours, so 
that the components of the white light appear at differen 

m °? a e nford states that very “ beautiful effects can be obtained 

by substitutingfor the bl 7 ck and white disc a blackoneffom 
rotated before a brightly lighted background e.g^a^of 

Twilight Vision.—So far we have been discussing the light- 

adaptedor photopic eye, but when the dark-adapted orscotop.c 
eve U considered, certain statements require mod.fiwt.on. The 

eve is very readily dark-adapted temporarily.^ , n . 

room, we areTt a lfss until the eyes become used to the light, or 

* Consult Bidwell, Curiosities of Light and Sourtd Lonion 1899- A 1 * 0 

McDoueall, British Journal of Psychology, i, 7 S > I 9°4- 
M . Experimental Psychology , pp. I 43 ' 4 . 
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speaking more technically, become dark-adapted. The con¬ 
verse, of course, also occurs when in passing from darkness 
into light we are dazzled at first, and require a little time before 
vision becomes normal. The vision has become dark-adapted, 
and requires to become light-adapted once more. Dark- 
adaptation, accordingly, is a relatively slow process, and is 
accompanied by an increase in the sensibility of the retina. 
Individuals differ in the rate and amount of adaptation, which 
accounts for the fact that some are able to see better than 
others in low illumination. The normal curve of sensibility 
shows a very slow accommodation during the first ten minutes, 
followed by a rapid increase during the next half-hour, but very 
gradual again after that, the increase being scarcely perceptible. 
It is interesting to note the fact, which Charpentier records, that 
dark-adaptation of one eye has no effect upon the other. 

In photopic vision, the fovea is the region of greatest sensi¬ 
bility, but in the condition of dark-adaptation the fovea becomes 
the least sensitive part of the retina. In fact, the fovea of the 
retina may be regarded as night-blind. It is a well-known fact 
that in viewing the constellation of the Pleiades on a starry 
night with direct vision, only the brightest stars are visible. 
But if the eye is turned round a little to the side so that the 
stars are focussed upon the periphery of the eye, it is found that 
additional stars are seen. This clearly shows that the periphery 
of the eye is better adapted to night vision than the fovea. 
The cones so numerous in the fovea are connected with daylight 
vision, but for night vision we are dependent on the rods in the 
retina which the fovea does not contain. It is interesting in 
this connection to note, although the fact has been disputed, 
that nocturnal birds such as owls, have nothing but rods in their 
retinas. The blindness of the fovea—the centre of vision—is 
referred to as a condition of relative “ central scotoma.” 

It is very rare for the eye to become completely dark-adapted 
in ordinary life or to become completely scotopic, for prolonged 
exclusion from light is necessary. But when such a state does 
result^ certain interesting phenomena are observed. If a spec¬ 
trum is shown to a dark-adapted eye and in a dimly-lighted 
room, it will appear colourless. The spectral band, neverthe¬ 
less, will not be uniformly bright, but will show differences in 
brightness in the various parts. The red end of the spectrum 
will be darker than normal, the blue end brighter, and the 
brightest part of the spectrum will not be in the yellow, as in 
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the spectrum seen by the photopic eye, but m the green. This 
change in the position of the maximal brightness is called after 
the Austrian investigator who first discovered it, the “ Purkinje 
phenomenon ”. If the intensity of the spectrum is slightly in¬ 
creased, the colours gradually make their appearance in a definite 
order. If the experiment is reversed and the spectrum visible 
at first in all its hues, it will gradually become colourless with 
decrease in intensity, and the colours will be seen to disappear 
in a regular order. Abney, in his Tyndall lectures, aptly de¬ 
scribes this: “ At nightfall in the summer the order of dis¬ 
appearance of colour may often be seen ; orange flowers may be 
plainly visible, yet, a red geranium may appear black as night; 
the green grass will be grey when the colour of the yellow 
flowers may yet be just visible. An early morning start in the 
autumn before daybreak will give an ample opportunity of 
satisfying oneself as to the order in which colours gradually 
reappear as daybreak approaches. Red flowers will be at the 
outset black, whilst other colours will be visible as grey. As 
more light comes from the sky the pale yellow and blue flowers 
will next be distinguished, though the grass may still be a nonde¬ 
script grey. Then, as the light increases, every colour will 
burst out, if not in their full brilliance, yet into their own 
undoubted hue.” 1 

Now, if a spectrum be viewed with the light-adapted eye 
in good illumination, and the intensity of light decreased, such 
phenomena will not take place. What happens is, that the 
colours merely become weaker and weaker, until they are too 
faint to give rise to any colour sensation and only black appears. 
But there is no change in the relative brightnesses. Evidently, 
therefore, Purkinje’s phenomenon requires the condition of 
dark - adaptation as well as low intensity. Complete dark- 
adaptation rarely takes place, as pointed out above, and passing 
from a brightly lighted room into one of dark illumination is 
sufficient to produce the phenomenon; or merely reducing the 
intensity in the bright room elicits the result. Titchener states 
that, ** if one goes straight from bright daylight into a per¬ 
fectly dark room in which is exposed a spectrum of such low 
energy that no colour can be seen, then, as soon as one is able 
to observe at all, one observes that spectrum shows the Purkinje 
phenomenon.” This leads him to state that, “ twilight vision 

1 Colour Vision , p. 107. 
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is primarily dependent, not upon ^-adaptation but upon 

does is to make the greys of twilight vision much clearer and 

ctfnnopr thsin thcv sjtc without it* # _ * 

The Purkinje phenomenon does not take place in t ® 

suggest that the cones of the eye are connected with colour 
sensation under conditions of light-adaptation, whereas the rods 

are concerned in the production of .<^ our ^ es ^ 

the eye is dark-adapted. Further, it has been discovered that 

the rods contain a certain substance known as visual purple 

which is highly sensitive to light. This substance is bleache 

most rapidly by green light, the point of maximal brightness 

in the dark-adapted eye, but red light, the darkest sensation in 

the dark-adapted eye, has no effect upon it.. Further, 

purple is bleached far more rapidly than it is regenerated a 

point in keeping with the observation that the process of dark- 

adaptation is a lengthy one, and the converse process of changing 

from dark to light-adaptation is much more rapid. 

So far we have only considered the appearance of the spec¬ 
trum in connection with dark or light adaptation of the eye. But 
adaptation, a characteristic of all the senses, is particularly im¬ 
portant in the field of vision. We shall see, in the discussion of 
smell that an odour experienced clearly on entering a room, 
sotm * ceases to be noticed. The organ of smell has become 
adapted to it. The same effect takes place in vision, either over 
the whole field, or over only part of it. In every case the same 
process is at work, the stimulus at first clearly discernible, 
gradually diminishes in intensity and ceases altogether. Adapta¬ 
tion resembles fatigue, but is more clearly advantageous to the 
organism. A familiar example will serve as illustration. On 
wearing a pair of green glasses every object at first appears 
green in colour, but after a remarkably short time adaptation 
sets in, and the green effect disappears. The same may take 
place with any bright colour which strikes our eye on its first 
appearance, but which soon loses effect as we grow accustomed 
to it. In colour, adaptation takes the form of tending to reduce 
all colour sensations towards colourless sensations, and all 
colourless sensations to medium grey. This is similar to saying 
that all colours on prolonged fixation tend to become mixed 


1 Text-book of Psychology , p. 80. 
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with their complementary colours and so grey is produced, and 
that all colourless sensations tend to become mixed with their 
complementary sensations, blacks with whites, and whites with 
blacks, until a medium grey is formed. 

Contrast 

Successive Contrast. —Let us turn now to the after-effects of 

adaptation, where we shall see at work very clearly the effect 
of complementary colours. If we take again our example of 
wearing green spectacles, then we shall find, once they are 
removed from our eye, that everything appears of a reddish 
tinge. Had they been blue in colour, objects would have 
seemed yellowish in tinge. The removal of the stimulus, no 
matter of what colour it may be, is followed by the appearance 
of its complementary colour. Such phenomena are described 
as contrast phenomena, and they take place frequently ; gener¬ 
ally, however, they pass unnoticed. Under experimental 
conditions they can be easily demonstrated. If a patch of 
colour be steadily looked at for 15 or 20 seconds and then 
the eyes fixated on a larger colourless background, prefer¬ 
ably of grey, a patch of colour identical in shape but com¬ 
plementary in colour and surrounded by a bright halo, will 
be observed. This is described as successive contrast, and 
what has been obtained is a negative after-sensation — 
sometimes loosely called a negative after-image. The original 
patch of colour and the after-sensation bear the same relation¬ 
ships of light and shade which the photograph does to the 
negative. The after-image can also be obtained by merely 
closing the eyes after the fixation of the stimulus. If the after¬ 
image is projected on a coloured background, it fuses with that 
colour. Red, projected on grey, yields a green after-image, 
whereas red projected on yellow produces an after-image 
greenish-yellow in hue. Red projected on a red background 
tends towards grey, for the green of the after-image is neutral¬ 
ized by the red of the background ; red projected on a green 
background produces a highly saturated green of great brilliance 
and purity. The brightness of the after-image also vanes with 
the brightness of the background. The colour of the halo tends 
to be of the same hue as the stimulus if the fixation is not too 
long nor the stimulus too bright. But, as the fixation becomes 
longer the brighter becomes the colour of the halo, until it may 
ultimately become white, or even tinged with the complemen- 
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tary colour. Generally, the colour of the halo tends to be 
complementary to the colour of the after-image. 

White and black behave in the same way as colours. White 
gives on a grey background, an after-image of intense black, 
whereas black produces an after-image of dazzling white. 

For the production of after-images, concentration and at¬ 
tention are essential, for they are easily abolished. It is advis¬ 
able to put a tiny pencil mark in the centre of the colour to be 
fixated, or a pin-prick may be sufficient in order to produce 
steady fixation. The least movement of the eyes or wandering 
of the attention may inhibit the after-sensation ; it is for these 
reasons that they are so seldom observed outside of the labora- 

tory. 

The after-image may or may not appear immediately after 
the original colour has ceased stimulating the retina. The time 
of appearance depends upon various factors, such as the time 
of stimulation, the difference, if any, in the brightness of the 
background, and further, the size of the area of the colour 

fixated. 

There is still one further characteristic of the after-image to 
be observed, namely, its periodicity, which was first described 
by Plateau. The after-image does not remain as a continuous 
sensation, but comes and goes at intervals. The number of 
fluctuations may be as many as twenty or even thirty. These 
have been attributed to the unconscious movements of the 
eyes. Others refuse to accept this explanation, and hold that 
the periodicity of after-images is an inherent characteristic of 
all after-sensations and a fundamental law. The total duration 
of the after-image is not constant, but varies with such factors 
as have already been enumerated, such as the size and time 
of fixation of the original stimulus. 

With a little more care, a positive after-sensation may be 
obtained. If the eyes are covered with the hand, and then 
uncovered so that a bright light is momentarily fixated, on 
closing the eyes or covering them again, the sensation will be 
seen as an after-image, but positive in character. That is, it 
appears in its original brightness. If the original sensation is 
coloured, the positive after-image will appear of similar hue. 
This is known as the “ homochromatic ” after-image. 

The positive after-image may be obtained in the same way 
as the negative after-image. A colour may be looked at momen¬ 
tarily (bright illumination gives the best results) and then the 
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eye closed, or a colourless surface fixated. The after-sensation 
will appear not only of the same shape but also of the same hue 
rhe same sensation is experienced when a candle flame is ex- 

• • j kut the flame still seems visible. The majority of 

individuals have experienced a positive after-sensation from 

looking at intense stimuli, such as a dazzling light. 

Positive and negative after-images, although apparently 
antagonistic, seem to be closely related, and frequently during 
the fluctuations described above, positive and negative after¬ 
images appear alternately. A positive after-image may pass 
into a negative after-image. 

Before a positive after-image (either coloured or colourless) 
disappears, it often passes through a series of colours. This 
flight of colours has been well described by Helmholtz. He 
states that after our eyes have been stimulated momentarily 
by white light the after-image “ passes rapidly through greenish- 
blue into beautiful indigo-blue, later into violet or rose-red. 
These colours are bright and clear. Then follows a dirty or 
grey orange, during which the positive after-image generally 
changes to a negative after-image, and in the negative image 
this orange often becomes a dirty yellow-green.*’ 1 Differences 
occur in this series according to the intensity of the stimulus. 

This phenomenon has been more recently investigated by 
McDougall. 2 He found that three colours constantly recurred 
in regular order after stimulation with white light. These are 
green, red, blue, green, red, blue, etc., the starting-point varying 
with the intensity of the white light. For example, moderate 
intensity causes red to appear first, followed by green, but 
brighter light gives green first, then red, then blue, then green 
again. “ The red is a rich crimson red, decidedly less orange 
than the red of the solar spectrum, the blue is a rich ultra- 
marine, and the green, a pure green, having no inclination 
towards blue or yellow.” 3 Fading phases are also character¬ 
istic of after-images derived from colour stimuli. 

Simultaneous Contrast. —So far we have been discussing 
successive contrast, where the contrast effect has occurred after 
the stimulus has been withdrawn. But contrast may take place 
simultaneously while the stimulus is still present. Each area 
which stimulates the retina is modified by the surrounding areas. 

If a yellow patch of colour be placed against a colourless 

1 Handbuch der Phystologischen Optik, 3rd Edition, ii., p. 208. 

2 Mind , x. N.S 235, 1901. * foe. cit. 
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background, it will be observed that round the edge of the 
yellow the background will assume a bluish tinge. This con¬ 
trast effect is enhanced if the whole is covered with tissue 
paper, for this serves to make the colour edge less defined 
and strengthens in consequence the contrast effect. In fact, 
the contrast often disappears when the tissue paper is removed, 
because the strong edges of the coloured patch cause the con¬ 
trast to be subjectively destroyed. In the same way, a colour¬ 
less patch, black, white, or grey, placed on a coloured square, 
assumes the complementary of its background. A grey patch 
on a red square acquires a greenish tinge, a grey patch on a 
green square acquires a reddish tinge. On every occasion, the 
colourless patch will assume the complementary colour of the 
coloured patch. It is this phenomenon which is spoken of as 
simultaneous contrast. The colour which causes the change in 
the colourless patch is the inducing colour; the colour which 
the colourless patch assumes is the induced colour. On pro¬ 
longed fixation these contrast effects disappear, and the stimulus 
colour induces its own colour on the colourless surface. This is 
known as simultaneous induction. 

Contrast effects are strongest when the two surfaces are of 
equal brightness. This can be easily demonstrated. If a strip 
of green paper be placed on a black background, and a strip 
similar in brightness and hue be placed on a white background, 
the difference which the two backgrounds make becomes clearly 
visible. The green on a black background appears deeper and 
more saturated ; the green on the white background, however, 
appears paler and lighter. The colour fields change in bright¬ 
ness according to the fundamental law of opposites—a dark 
background makes a neighbouring colour brighter, a light 
background makes it darker. The same law holds with a 
colourless surface on a colourless background. A grey patch 
looks brighter or darker according as its background is black 

or white. Such effects are said to be conditioned by brightness 
contrast. 

The contrasting surfaces do not require to be one on top of 
the other to produce contrast effects, but it is sufficient that they 
are adjacent. The nearer the fields are to one another, the 
greater is the contrast, and on gradually increasing the spa9e 
between them, a corresponding diminution of contrast will be 
observed. The contrast effect is not uniform throughout, but 
is strongest round the edges where the two surfaces adjoin. 
This has been called marginal contrast ( Randkontrast' ) and has 
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been distinguished from the contrast effect on the remainder 
i , “tT 1101 has b een termed surface contrast ( Flachen - 

paced a p art up on a similar background do not appear identical, 

effect than thekrger area™" 5 C0DdUdVe *° Str ° nger C ° ntrast 

, J eautiful contrast effects may be obtained with coloured 
shadows, a method which dates from the time of Goethe Ar- 
range two lights so that they shall cast a double image of a 
small object—such as a pencil—on a white screen. Ordinary 
daylight may be used as one source, provided the light be not 
too strong for, unless the sky is overcast, the light from it will 

® Bie introduction of coloured glasses in front of 

one of the lights, beautiful coloured effects can be produced 
and the shadow of the pencil caused by that light will appear 
each time of a complementary colour. Or the following method 
may be used : Arrange a lantern so as to illumine a white screen 
and introduce a coloured glass in the carrier. A second source 
o ight may be supplied by an electric lamp. Arrange this in 
front of the lantern—but to the side, so that its rays are not 
interfering with those of the lantern, although its light also 
illumines the white screen. The white screen is being lighted 
then, from two sources. If a pencil is interposed between the 
lantern and the coloured screen, the red rays are cut off, and the 
area of the pencil is illuminated solely by the white light from 
the lamp, and will assume the complementary colour of its sur¬ 
roundings. By the introduction of differently coloured glasses 
other contrast effects can be procured. 

The Halo, or Lichthof (of Hering), which appears with long 

fixation around coloured or colourless surfaces is also an effect 
of simultaneous contrast. 


There is one point in reference to all cases of contrast, 
whether of brightness or of colour, which must not be over¬ 
looked, and that is, that all contrast is reciprocal. It is not 
only the one surface which is affected, but both contrasting 
surfaces are influenced. It can be shown under experimental 
conditions that what one gains in brightness, for example, the 
other loses.. All over nature this contrast effect is at work, 
although it is seldom noticed. Each colour tinges its surround¬ 
ings with its complementary colour and the effect is stronger in 
nature than it is in the laboratory, although we inhibit it un¬ 
wittingly. But in nature we often refuse to see such subjective 
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colours and unless we possess the artist's eye, are aptto d^d 
too muchuponour memory MW J which, falling 

:rS P e snow of the h^ls jvl it a red tint through which we 

r'^ral^acts, that the^hts and ^oloun 

determfned by^hephysS ^1^°^ reflected ligt vnv<* 
Which affect the eye. What we see depends in part, upon 
contrast: in part, also, upon the preceding adaptation of the 
eve general and local. It is clear, further, that contrast and 
adaptation are in one sense opposed, but, in another sense, 
mutually supplementary principles. Contrast is present 
throughout the field of vision as soon as we open our eyes; 
adaptation requires time. Contrast is a differentiating, adapta- 
tion a levelling principle. Hence contrast helps us to dis¬ 
criminate all the separate objects by which we are surrounded, 
while adaptation prevents our being fatigued or disturbed by 
their variety after this discrimination has taken place.” l 


Field op Vision 


We have seen in the preceding sections the many ways 

and the different effects which one 

Yet to all these curious 
Colours 


in which colours vary, 
colour may have upon another. 

phenomena another must be added. Colours may appear 
differently when looked at by different parts of the retina. 
When we regard an object directly, its image is thrown on 
the fovea of the eye, which is the centre of acutest vision. 
Other objects in the environment stimulate the surrounding 
area. The total area perceived by the retina constitutes the 
field of vision ‘‘which is, therefore, the projection outwards of 
all the points upon the retina which can initiate visual sensa¬ 
tions.” a The objective field of vision extends vertically about 
100 °, horizontally about 145 0 .* In foveal vision, all c 
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and brightnesses are visible, but with the extreme ed 
the periphery of the eye, only greys or brightnesses are r 
enced. The field for brightness is accordingly mucf 
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that for colours, while blue and yellow have a larger held than 
red and green. Thus, in the retina, three zones can be dis¬ 
tinguished, although they cannot be rigidly separated. The 


1 Titchener, Text-book of Psychology, p. 78 


* Parsons, Colour Vision , p. 72. 


'Abney, ibid ., p. 10 
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inner zone is the area of complete colour and colourless sensa* 
tion, the middle zone is colour-blind to reds and greens, although 
blues and yellows are seen ; in the outer zone, total colour¬ 
blindness occurs and only brightness can be experienced. 

The field of vision is usually mapped out by means of a 
perimeter, but the following method may be used. The ob¬ 
server is seated before a blackboard on which are drawn a 



Fig. 4. 


series of concentric circles. The eye of the subject is on a level 
with the centre of the circles and directly fixates it. A chin 
rest is necessary to keep the head in a steady position. The 
circles are so drawn that they represent the tangents of the 

angles at the eye of io°, 20°, 30°, 40°, 5 °°, 60°, etc. (Fig. 4 -)- 1 

x Look up a table of Natural Tangents in a Book of Logarithms and 
multiply them by the distance of blackboard from the eye. The products 
give the radii of the circles. 
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A metal rod with bifurcated end, or some similar contnvan , 
is necessary to hold the various pieces of coloured paper. When 
the subject is ready, that is, with left eye closed, and rig . eye 
fixated on centre—for we only investigate the field of visio 
for one eye at a time—the experimenter inserts a piece of white 
paper (2 cms. X I cm.) into the holder and places it at the 
point marked A on the diagram. The paper is move very 
slowly and continuously along the line AO until it appears 
visible to the subject. Note the place in degrees. Repeat on 
the other radial lines in a similar fashion, then by joining on 
each line the first place of appearance of white, the field of vision 
for white is mapped out. With coloured papers the procedure 
is exactly similar, but more than one observation may be 
necessary, and frecjuent pauses must be instituted to avoid 
fatigue. The one essential is, that the subject must try to keep 
the eye steady on the centre and not follow the moving paper, 
which, unconsciously, he is apt to do. As one proceeds from 
the circumference of the circle inwards, colour changes will be 
observed. When the different zones are passed through, red, 


for example, will first be seen as a grey, then as it passes through 
the middle zone, it will appear as yellow. Later, it will develop 
into an orange, and finally will appear in its true hue. It is 
advisable to locate where these changes occur. The following 
examples are taken from Baird’s Monograph on this subject:— 1 

Red first appears yellowish, then yellow, then orange-yellow, 
then yellow-orange, orange-red, and finally red. 

Reddish-Orange appears yellowish, orange-yellow, then 
reddish-orange. 

Yellow appears yellowish, and gradually increases in satura¬ 
tion. 

Green appears yellowish, yellow, greenish-yellow, and green. 

Blue appears blue, and gradually becomes more saturated. 

Violet appears bluish, then blue, and finally violet. 

Purple (red end) appears yellowish, then orange-yellow, 
yellow-orange, orange-red, red, purplish-red, reddish-purple, 
and finally, its own colour tone of purple. 

All colours appear, of course, as grey first of all. Then reds, 

oranges, blues, and greens, are seen as yellows, while blues and 

violets are seen as blue. Finally, the correct colour tone is 
visible. 


The Colour Sensitivity oj the Peripheral Retina . Publication 20 
Carnegie Institution. 
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Once the experiment is completed, the field of vision for 
each colour can be mapped out. Blue and yellow have an 
area about io smaller than that for white, while red and green 
have an area about 20 smaller. The results vary considerably 
with the size of coloured paper used and the saturation. If the 
papers are of sufficient area and intensity they may be visible 
right out at the periphery. All that can be said is that these 
zones are of relative—not absolute—colour sensitivity. 

The field for shape can also be determined by this same 
procedure, by altering the shapes of the coloured paper, moving 
them from periphery to centre until the correct shape in each 

case is clearly discerned. The area for shape is a relatively 
limited one. 

Direct vision accordingly is concerned with colour and shape, 
while indirect vision or peripheral vision is, in the main, con¬ 
cerned with light and movement. As Seashore points out, this 
arrangement is a biological one. The functions of indirect 
vision “ are those of a scout or guardian. The life-preserving 
value of this arrangement is clear. Consciousness is warned 
of the presence or approach of an object beneficent or noxious 
to life, by impressions of luminosity or movement in the in¬ 
direct field. If then the signal is heeded, the eye quickly 
turns so as to bring the object of scrutiny into the direct 
field where its true nature can be seen accurately, by the 
most efficient and economical expenditure of energy.” 1 

We do not notice that the peripheries of our eyes are colour¬ 
blind until we test them under experimental conditions. In 
the same way, we are never made aware of the fact that a 
certain part of the retina—where the optic nerve enters the 
eye-ball—is totally blind. Consequently, any object which is 
focussed on the blind spot—as it is termed—is invisible. If the 
cross on the left be fixated with the right eye—the left eye 

X • 

remaining closed, and the book held about 7 or 8 inches from 
the eye—the presence of the blind spot will be demonstrated. 
Move the book slowly backwards and forwards, and at a certain 
point the dot on the right will disappear. By holding the 
page upside down, the left eye may be tested in exactly the 
same manner. 

To definitely locate the blind spot, the same arrangement 


1 Elementary Experiments in Psychology , p. 38. 
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, . , of vision may be employed, 

of circles used in plotti g travels along the central hori- 

When the white piece of paper . . at which the white 

zontal r ?|j i ^* te t *^ r tl,e ¥hT , fii«^oint P o* disappearance marks 

KlnTiwW.b.' blind spa., 

and slowly move paper ou r#k This marks the other limit 

of the bhnd spot. ..^-"tonofthe Method the complete 
'L of the blind spot “which is elliptical in shape) may be 

det ThI‘ n rtason that we are not conscious of the existence of a 
on the oasis oi u« a • fields of vision overlap. 

^WWB^-The condition of the periphery of^the eye, 

namelv one of colour blindness, is found in all normal eyes. 
But with certain individuals, colour bhndness does not oc 

in the Deriohery but extends over a larger area ot tne retina. 
The earliest care of colour-blindness on record seems to be 
4-u 4- Warri* renorted in 1777 . He remembered that when 
voune other children could discern cherries on a tree by some 
» oretended ” difference of colour, though he could only dis¬ 
tinguish them from the leaves by their difference of size an 
shape. Twenty years later, Dalton’s description of h.s own 

stated that while he found that most people could distinguish 
six colours in the solar spectrum, his colour sensations were 
reduced to two, blue and yellow, or at the most three—blue 
yellow, and purple. Dalton discovered his defect by the merest 
accident. A flower which appeared blue to him by day lg , 
changed its hue by candle-light, and presented a full pin . 
Dalton was amazed at this change, but was more amazed w ien 
on asking some friends to observe the phenomenon he found 
that the colours remained unaltered to .them, and that the 
flower which was blue by daylight, remained blue m artificial 
light. This description by Dalton was the beginning of a 

systematic study of colour-blindness. 

The defect has been found to take three different forms, 

red-green blindness, blue-yellow blindness, and total colour¬ 
blindness. 
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I. Red-green Colour - Blindness ~The study of red-green 

colour-blindness is very important for two reasons, first, because 

of the frequency with which it occurs, and second, because of 

the colours which are confused. From its name it will be 

gathered that red and green are the two difficult colours for 

such colour-blinds. When it is recalled that red and green are 

used extensively for signalling purposes, both on the railway 

and at sea, it will be evident that the presence of this form of 
colour-blindness cannot be overlooked. 

This type of partial colour-blindness is not rare by any 

means. It occurs in the male population in the percentage of 

3*5 or 4, whereas among the female population the percentage is 

•088, or about one in every thousand. The unfortunate fact 

about colour-blindness is that it is hereditary. Usually it is 

transmitted directly in the male line, although any generation 

may be free from the colour anomaly. It tends, also, to pass 

over the female descendants but to reappear in the males of 
the next generation. 

Colour-blindness, therefore, is congenital, and cannot be 
cured. Remedies have been repeatedly tried, but ultimately 
have been discarded as useless. It is not a disease, but merely 
a physiological condition. Colour-blindness must not be con¬ 
fused with colour-ignorance ; the latter, of course, can be easily 

cured and is merely a matter of learning the names of the colours 
and associating them properly. 

In normal vision the spectrum is seen to contain six colours, 
or even seven, but if we test a red-green colour-blind with the 
spectrum we find his colour vision reduced to two colour sensa¬ 
tions blue and yellow. What does he see in place of the other 
colours ? Colour-blinds are not quite uniform in this respect. 
With some, yellow and blue may replace all the other colours. 
Red, orange, yellow, and green, may be seen as different shades 
of yellow, blue and violet as shades of blue. The red will be a 
very dark yellow, in fact will appear almost black with just a 
tinge of yellow in it, the orange will not be quite so dark a yellow; 
the yellow will be brighter still, and so on. It will be evident 
that under such circumstances an individual may be quite un¬ 
aware of his defect and others may be unaware of its existence 
also. By convention he has learned that what he sees as a 
black with a tinge of yellow is called red by other people, and 
he naturally associates this particular shade of yellow with the 
name red. It is not surprising that the colour-blind thinks 
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other people are seeing colours exactly the same as he te 

it is possible in daily life for a colour-blind who is unaware of 
his abnormality to hide his defect, and he can very often do so 
with surprising skill It is not until his colour vision is tested 
by scientific methods that his lack of ability to differentiate 

colours is revealed. ...... . i_ A 

All colour-blinds do not have their invisible colours replaced 

bv vellow and blue. Consider, for example, one of the cases 
studied in the George Combe Psychological Laboratory at 
Edinburgh, 1 which revealed a spectrum as follows: Red was 
seen as black, orange as dark grey, yellow was discriminated, 
green and blue-green were seen as grey, blue could be distin¬ 
guished but violet appeared a dark grey. Only two narrow 
patches of colour were visible in the spectrum of this colour* 
blind—a narrow patch of yellow, and a narrow patch of blue. 
All other colours gave sensations of grey; this, however, is an 

extreme case of red-green colour-blindness. 

When a grey replaces a colour in the spectrum, it is said to 

form a neutral band. Very often the green appears as grey, 
but sometimes the neutral band in the centre of the spectrum is 
limited to the blue-green. This band seems to extend accord¬ 
ing to the severity of the colour defect. A second neutral band 
appears beyond the spectrum—in the extra-spectral colours— 
in fact, occurs in the complementary colour of the green forming 
the spectral neutral band. 

Two important and distinct classes of red-green defect must 
be distinguished. In the one case, the spectrum appears of the 
same length as in normal vision, but in the other the end of 
the spectrum is cut off, and red, if it is the red end, violet if it 
is the violet end, appears black. Usually, the shortening takes 
place at the red end, although cases of shortening of the violet 
end have been recorded. These cases were named by V. Kries 
deuteranopes and pvotanopcs respectively. As deuteranopes are 
classified those who can only experience the colour sensations 
blue and yellow, but whose spectrum is of normal length. As 
protanopes, on the other hand, are designated, those whose 
colour systems again consist of blue and yellow, but who, in 
addition, have the spectrum shortened or cut off at th^ red end. 
Yellow forms the maximal point of brightness in the case of the 


1 Vide Collins, Colour Blindness. 
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former, but green in the case of the latter. The two terms 
photerythrous and scoterythrous have been suggested by Rivers to 
describe these two classes. 

All cases, however, are not so extreme, and the general 
finding, which is gradually gaining ground, is that there are 
different degrees of colour-blindness—extending from extreme 
cases in which blue and yellow are the only two colours visible, 
to milder cases in which the blindness to red and green is not 
complete. Some cases are typical red-green colour-blinds, but 
seem able occasionally to distinguish red and green if they are 
bright enough or vivid enough. If such is the case, no rigid 
classification of colour-blinds can be made, for numerous transi¬ 
tional cases will appear between normality and complete red- 
green blindness. 

2. Blue-yellow Blindness. —Congenital blue-yellow blindness 
has not been definitely established, only three seemingly auth¬ 
entic cases having been recorded. The defect is generally 
thought to be acquired and to accompany pathological changes 
in the retina. The confusion colours of this form of colour¬ 
blindness are, as its name suggests, yellow and blue. In the 
case described by Richardson blue was seen as a dazzling white. 
V. Kries terms this form of colour-blindness tritanopia. 

3. Total Colour-blindness. —About eighty cases in all have 
been reported of total colour-blindness or of monochromatic 
vision as it is called. Although, therefore, it occurs much 
more rarely than red-green colour-blindness, its existence is 
beyond dispute. 

The spectrum of the totally colour-blind resembles a colour¬ 
less band whose parts only differ in luminosity, for monochromats 
are unable to experience any colour sensation whatever. Their 
world appears to them as an engraving appears to us. In many 
cases, the blindness to colours is accompanied by some abnor¬ 
mality of vision such as photophobia or nystagmus and poor 

central vision may also be present. 

As in red-green blindness, two distinct types can be dis¬ 
tinguished, so we find in total colour-blindness a similar distinc¬ 
tion drawn. In the one form, the point of maximal brightness 
lies in the region of the yellow, while in the other form it lies 
in the region of the green, a condition similar to that found in 
the dark-adapted eye. In a number of cases, the achromatopia, 
as it has been termed, has been found to be accompanied by an 
“ absolute central scotoma.” This means that the fovea—the 
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point of centra^Lht sensations of any kinck It is totally blind, 
XTh LTond tUTovea vi-on mly be practically normal. 
Acquired CJolour-blindness.— Where cases of acquire 1 co 

blindness are met with, they are generally found to be of a 
temporary nature. A very common pre-disposmg cause lies; in 

over-indulgence in tobacco. If such is the cause, or ^ 
abnormality can be traced to a drug such as saponin, t 
defect is progressive in nature. To begin with, a failing in 
visual faculties may be the only effect, and generally its more 
advanced stages have developed before it becomes noticea . e. 
In most cases, however, absence of the cause is sufficient to bring 

the colour-vision back to normal. _ . . 

In some forms of acquired dichromatism, the fovea only 

impaired. It alone becomes colour-blind, leaving the rest of 

the retina unimpaired as regards colour sensation. This tact 

becomes significant when testing for practical purposes, it is 

evident that the colours used in testing should not be too 

large in area, otherwise they will stimulate not only the diseased 

fovea but the unimpaired parts surrounding it, in consequence 

giving results compatible with normal colour vision. Further^ 

it would seem advisable that tests, for practical purposes, should 

be instituted regularly, especially so when we find that the two 

colours generally affected are the important ones of red and 


Colour Weakness. —Certain individuals, although not colour- 
blind, are unequally sensitive to red and green. They are said 
to have “ weak ” or “ anomalous ” colour vision. These were 
first observed by Seebeck in 1837, but it was not until Rayleigh 
reported his experiments in 1881 that these cases were under¬ 
stood. In equating red and green equal to yellow (the Rayleigh 
equation) some were found to require far more red than the 
normal, others required an excess of green. V. Kries has 
applied the name “ anomalous trichromates ” to them which 
has been generally accepted. Anomalous trichromates are 
generally divided into two groups corresponding to the two 
groups of dichromates, deuteranomalous trichromates, whose 
sensitiveness to green is below normal, and protanomalous 
trichromates, whose sensitiveness to red is below normal. 
Such cases are characterized by greater susceptibility to con¬ 
trast than normal individuals, and require colours to be nearer 
to them than is ordinary before they can recognize them. 
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Tests for Colour-blindness. —In devising a test for colour- 

blindness, certain principles have to be kept in mind. Certain 
colours are “ confusion " colours, and are regularly a source of 
difficulty to the colour-blind. Others are correctly seen and 
offer little trouble. The test must make use of the colours 
which are most often confused. Then any secondary means of 
recognizing colours must be dispensed with, and the subject 
must be made to rely solely on his colour sensation. Guessing 
can easily be detected under rigid experimental conditions. 
Further, if the tests are for practical purposes, it is essential 
that they do not take too long to administer, and they must be 
of such a nature that examinees cannot be coached to pass them. 
Below are given samples of some of the tests devised. 

(a) A Spectral Analysis , by means of a spectrometer, is one 
of the most frequent methods employed. 

(b) Stilling's Pseudo-lsochromatic Tables. —These tables, four¬ 
teen in all, consist of coloured numbers on coloured backgrounds. 
They are based on the fact that if two colours of equal brightness 
be on the same side of the neutral band of the spectrum, they 
cannot be distinguished by the colour-blind, because they do 
not present any contrast. The tables test red-green blindness 
and blue-yellow blindness, and also pick out cases of normal 
length of spectrum from those of shortened spectrum. 

(c) Holmgren's Wool Test. —The wool test is based on com¬ 
parison of different colours. Many advantages have been 
claimed for it, such as portability and simplicity, and the fact 
that the wools reflect the light equally in every direction. 

The test consists of over ioo skeins of wool of various colours, 
including tints and shades. These “ confusion ** skeins are 
spread out in good daylight illumination before the examinee. 
Thereupon he is handed a “ test ” skein, its name not being 
mentioned, and is asked to pick out from the skeins before him 
all those of a similar hue, irrespective of shade. Holmgren 
employed three test skeins, a very pale green to verify the 
presence of the defect, a light purple or pink to decide if the 
defect be one of red-blindness or green-blindness, and a full-red 
skein to act as a confirmatory skein. The choice of such skeins 
was based on the theory of which Holmgren was an advocate— 
that of Young-Helmholtz—but the test skeins have undergone 
many modifications since then and different colours have been 
suggested from time to time by different investigators. 

(d) Colour Equations. —These are more for theoretical than 
for practical purposes, because full reliance is placed on the 
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subject, and there is no objective control. A disc of; | rc *“ 

be Ltched 

discs°of red and yellow. The Rayleigh equation may also be 


tne J) All contrast experiments may be used—such as after¬ 
images and shadow contrasts. 

(f) Nagel Card Test —There are two sets of cards, 16 marked 
A and 4 marked B. In section A, the 16 cards are spread out 
in good daylight illumination. The subject stands before the 
table on which the cards lie, and is asked to indicate his answe s 
bv Dointing to the cards he selects. Each card contains a circle 
of variously coloured dots. Four questions are asked : (i) On 
which cards are there red or reddish spots ? (This does no 
preclude other colours being present.) (2) On which cards are 
there red spots only ? (3) On which cards are there green spots 

onlv? (4) On which cards are there grey spots only ? In 
section B the colour-blind is asked to designate each colour he 


sees on the cards. . . ■ . . 

(*) The Edridge-Green Lantern —This lantern was devised to 

detect all dangerous colour-blinds. It consists of five discs, 
three containing seven coloured glasses, one containing seven 
modifying glasses, and one containing six different-sized aper¬ 
tures/ The size of the aperture may be varied and is intended 
to correspond to the distance of the examinee from a railway 
signal lamp, or a ship’s lamp. The coloured discs are clear, 
red A and B, yellow, green, signal-green, blue, and purple. 
The three discs are similar in every respect. The colours are 
brought into view by moving one or more of the handles into 
position until they correspond with the scale at the top of the 
lantern. Disc No. 5 contains the modifying glasses which, 
when placed before any coloured light modify the light so that 
it appears as it would under certain atmospheric conditions. 
The five neutral glasses represent fog, the ground glass, mist, 
and the ribbed glass, rain. The normal-visioned can still dis¬ 
tinguish the colours, except with the thickest neutral. But the 
colour-blind find the task a very difficult one. The examinee is 
shown the coloured lights with and without the modifying glasses, 
and in each case is asked to name the colours. Various combina¬ 
tions of colours may also be shown. This test is very reliable 
for detecting colour-blindness. 1 


1 A Group Test for Colour Blindness intended for use in schools has 
been devised by Drever and Collins. 
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Colour Theories 

We have been dealing with some of the wonderful com¬ 
plexities of our colour vision, and the question now arises: 
is there any explanation which will enable us to understand 
what takes place in the retina to cause all these phenomena 
we have been describing ? Theories of colour vision have been 
propounded with this end in view, and the most important 
of these we shall now consider. 

The Young-Helmholtz Theory. —The Young-Helmholtz 

Theory, first propounded in 1801 by Thomas Young, was re¬ 
suscitated in i860 by Helmholtz. It is based on three elemen¬ 
tary colours, carmine red (a red, bluer than the extreme red 
of the spectrum), yellowish-green, and ultramarine blue, which 
are sufficient to produce all colour and colourless sensations 
Corresponding to these are three nerve fibres in the retina, each 
responsive maximally to one wave-length. In other words, the 
action of the long wave end of the spectrum affects the first, 
of the middle wave-length the second, and of the short wave- 
end the third, but light of all kinds excites all three fibres, 
though in varying degrees. In the more modern statement of 
the theory these three nerve fibres are replaced by three photo¬ 
chemical substances. When all three substances are stimu¬ 
lated, the achromatic sensation prevails ; when they are stimu¬ 
lated in varying proportions, all the colours of the spectrum are 
produced. In the absence of any stimulation we experience the 
sensation of black. 

Every colour theory must explain the principal colour 
phenomena, and on its ability to do so must its validity be 

based. 

Colour-mixing seems to be adequately accounted for by this 
admixture of three primary colours. The explanation of con¬ 
trast is open to serious criticism. Positive after-images are 
said to be due to retinal inertia, once the “ red ” substance is 
stimulated, it cannot cease immediately the stimulus is removed. 
Negative after-images are explained by retinal fatigue. The 
red substance, for example, becomes fatigued, and the rays 
stimulate more powerfully the remaining two substances, and 
in particular, the green apparatus. This conception of the role 
played by fatigue is open to objection, for after-sensations can 
be obtained with such short fixation that fatigue cannot possibly 
have been produced. Further, it has been shown that lights 
of greater wave-length than 550 HP do not act upon the violet 
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v *. t v« saturation of yellow ( 5^9 Mf*) * s u . n " 
component. Yet the^sat stimu i a tion with the comple- 

doubtedly increase yP o{ simultaneous contrast is 

a very artificial on * basis The reason why a patch 

contrast to a p ^ e J background becomes tinged with red, 

through it see the g^y. From past exper ^ ^ fee tinged 
before we can see grey g annlv this previous know- 

ledge unconsciously. But it seems that past ^ 

rather to inhibit * e . ^“bsence of all Three photo- 

blindness ‘s accoun e f J co i our .blindness by the absence 

C f e ?i C of the b substances P The absence of the red element causes 

MHnabilitv*to se^reds, and accounts for the red-blind (or pro- 
an in v . tbe preen element a corresponding inability 

to^ee^reen the green-blind (deuteranopes) ; while, if the third 

occurs N FoTa time the facts of colour-blindness seemed strongly 
Tn favour of this explanation. But soon, doubts began to arise 
as it was frequently confirmed that the sensations of the Colour- 

Kind were those of 1blue and yellow. Dr. Pole, himself a colour¬ 
blind vigorously upholds this assertion, and amassed extensive 
evidence to support his claim, chief of which wascase.studie^ 
by v. Hippel, which was reported in 1880. This was the firs 
case of monocular colour vision observed, and the colours see 
by the colour-blind eye, and verified by the normal eye, were 
blue and yellow. Further, the division of colour-blinds into 
red-blind and green-blind, is an unnatural division, and the 
theory does not seem to account satisfactorily for the mi 
cases of colour-blindness in which total blindness to red and 
green does not exist. Finally, if colour blindness is a reduction 
system, and due to absence of one of the elements it is difficult 
to reconcile the theory with the fact that the white sensations 
of the colour-blind are the same as those of the normal eye. 

The theory cannot account for colour-blindness, nor for 
contrast, nor can it give any explanation of peripheral vision. 
Finally, the fact that colour stimuli may evoke colourless sensa¬ 
tions under conditions of low intensity cannot be adequately 
explained. Its defect, therefore, seems to lie in the absence of 


1 Parsons. Ibid. p. 231. 
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some mechanism to explain achromatic vision. Various modi* 
fications of the Young-Helmholtz theory have been propounded 
merely with this aim in view. McDougall, for example, accepts 
the three fundamental colours, red, green, and blue of Helm¬ 
holtz, but adds an independent mechanism for white, having 
its retinal seat in the rods. In other words, he adopts the 
duplicity theory of v. Kries, which is to the effect that achro¬ 
matic scotopic vision is a function of the rods, while the cones 
are concerned only with photopic vision. He also gives a more 
satisfactory explanation of successive and simultaneous con¬ 
trast. The sensation black is experienced when “ complete 
fading ” occurs, and the visual cortex is at rest. Colour-blind¬ 
ness and peripheral vision are both explained as following his 
theory .of the evolution of the colour sense. (See Mind , N.S., 
vol.x., 1901.) 

The Hering Theory. —The theory of Hering is based on six 
** elementary ” colours, red, green, yellow, blue, white, and 
black. These can be arranged in pairs, red and green forming 
one pair, blue and yellow a second pair, while white and black 
form a third pair. The components of each pair are comple¬ 
mentary to one another, and are at the same time opposed and 
antagonistic. Corresponding to these two colour pairs, there 
exist two elementary systems, one of which produces the sensa¬ 
tions of red and green, the other yellow and blue. A third 
system causes the colourless sensations of black and white. 
Each of the substances can undergo a building up, or an anabolic 
process, and a breaking down, or a katabolic process. 
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apparatus 


In most kinds of stimulation all three systems are set in 
action in different proportions, although light which works on 
the red-green has no influence on the blue-yellow, and vice 
versa. Black, according to Hering, is a sensation : the intrinsic 
light of the retina (i.e. what is experienced when the retina has 






VISION 




. t f-jmp Hf*void of any stimulation which, by some, 

isTtermed the'sensation'of black) 7 . “ mean grey.” Erightn^a 

of colour sensations is due partly to Aar ^ appara- 

tuL g T^’warn colours, red and yellow, possess an inherent 
brightness : the cold colours, green and blue, possess an inherent 

^Colour-mixing is explained in a manner similar to that of 
Helmholtz, as due to the action of light on the colour appara us 

action of light on the two antagonistic processes say blue and 

vellow which cancel one another and produce grey. 1 he biacK 
white apparatus is also excited. This leads to one cnt.c.sm 
which has been levelled at Herin g ;s theory. B lue and yellow, 
or red and green in a state of equilibrium, cancel one another, 
but black and white fuse and produce all varieties of grey. 

Positive after-images are ascribed to exhaustion of assimil 
tion during fixation, so that all that remains is a feeble process 
of dissimilation. This has been negatived by the observation 
that a positive after-image passes into a negative one, it tne 
background on which it is fixated is brighter than that of the 
after-image. Negative after-images are caused by the ten- 
dency of the visual apparatus to maintain equilibrium, ll t e 
blue process is stimulated, the yellow is also stimulated before 
eauilibrium has been regained. Simultaneous contrast receives 
here a physiological explanation as distinct from Helmholtz’s 
strained psychological one. An activity in one part of the 
retina arouses an activity in the antagonistic process, which 


extends to contiguous areas. 

Colour-blindness is caused by the absence of one or more 
of the visual systems of the retina. Lack of the red-green 
substance causes red-green blindness, lack of the blue-yellow 
substance causes blue-yellow blindness, while absence of both 
systems produces total colour-blindness. The peripheral zone 
of the retina shows the same conditions as in colour-blindness, 
for only the white-black substance is present. Red-green 
blindness corresponds to the middle zone of the retina, where 
yellow and blue are the only colours experienced. 

Hering’s theory of colour-blindness is satisfactory in that in 
red-green blindness, blue and yellow are the remaining colour 
sensations of the colour-blind. Further, his “ red,” which is 
a carmine or bluish-red, seems to form the second neutral band 
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of the colour-blind, and his “ green,” which is a blue-green, 
forms the spectral neutral band. But the greatest difficulty is 
to account for the two varieties of red-green colour blindness. 
Hering explained these as due to differences in pigmentation 
of the macula and lens. The same explanation was proffered 
to account for anomalous trichromatism. There is little evi¬ 
dence in support of, or against, this view. 

The Ladd-Franklin Theory. —The Ladd-Franklin, or the 

Molecular Dissociation Theory, is based on the assumption that 
colour-vision is in the third stage of development. In the 
first stage, only the colourless sensations are experienced. 
These are produced by the decomposition of the grey molecule, 
which is still found undifferentiated in the rods. The outer 
range of atoms of the molecule become “ torn off ” in decomposi¬ 
tion and produce a chemical substance which stimulates the 
retinal nerve endings. In the second stage of development, the 
outer range of atoms is affected by different vibration rates and 
the former single response is now split up into two classes 
corresponding to the sensations of blue and yellow. In the 
third stage of development the yellow response is broken up 
again into two parts, giving rise to red and green sensations 
respectively. The red and green are not complementary, and 
when the red and green atoms are simultaneously decomposed, 
they revert to the sensation of yellow. When the yellow and 
blue atoms are decomposed together, a white or grey results. 
When all three are stimulated, the original sensation of grey is 
produced. 

Colour-blindness is explained as being an atavistic condition. 
Total colour-blindness is at the first stage of vision, red-green 
at the second stage, where blue and yellow have remained un¬ 
differentiated. ) The rarity of blue-yellow blindness seems to 
indicate that blue and yellow were the primitive forms of 
colour-vision, and that red and green the last to be attained, 
are the earliest lost. This accords well, it will be noticed, with 
the Franklin theory, that the vibrating portions of the colour- 
molecule, which occasions * red * and ‘ green,* are developed out 
of the portion whose decomposition occasions yellow.” 1 

For a full description of the theory and explanation of the 
various colour phenomena see articles in Mind, N.S., 1893, II, 
by Ladd-Franklin, or Colour and Colour Theories (London, i 9 2 9 )* 


1 Calkins, Introduction to Psychology. 


The Edridge-Green Theory.— The Edridge-Green theory lays 
great emphasis on the presence of visual purple in the rods only, 
which substance is the sole visual substance known. The 
function of the rods, according to this theory, is to form visual 
purple, but they take no part in visual sensations. (This view 
has been greatly criticized as it is opposed to the duplicity 
theory which is more or less established.) Although the cones 
are devoid of visual purple, Edridge-Green claims to have seen 

four canals or depressions which conduct the visual purple into 
the fovea, the centre of acutest vision. 


The theory is based on the assumption that colour-vision 
has evolved. The spectrum appears first as grey, the first 
differentiation causes the two extremes of red and violet to 
appear, then green, then yellow, then blue, and finally orange, 
sometimes a seventh colour, indigo, can be perceived. Colour¬ 
blindness is atavistic, and all these six stages are represented in 
travelling from colour-blindness to normal vision. This classi- 
fication has been much disputed as also the order of appearance 

of the colours: For a full account of the theory see Edridge- 
ureen s Hunterian Lectures. 5 
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HEARING 

H EARING is, after vision, the sense department which is 

richest in experience. It is the basis of nearly all our 
daily intercourse. It is a main avenue for our knowledge 
of important aspects of the world around us. Through it music 
makes its wonderfully complex appeal to our aesthetic feelings 
and emotions. 

All the sounds we hear can be divided into the two classes 
of musical sounds and noises. If we strike a note on the piano, 
or play a note on any other musical instrument, we hear what 
we call a musical sound. We describe as noises the ordinary 
sounds of the busy street, or sounds such as are made by the 
slamming of a door or the hiss of escaping steam. Musical 
sounds are usually pleasant and noises unpleasant, but this does 
not hold in every case. It must not be thought that the dis¬ 
tinction between musical sound and noise is a sharp and ab¬ 
solute one, that every sound is either a musical sound or a noise. 
As a matter of fact we rarely hear a pure musical sound,*a pure 
tone, for example, there being almost always an element of 
noise present with it, and, on the other hand, in many noises it 
is possible to distinguish some tonal element. The tuning of 
the musical instruments in an orchestra produces noise, yet that 
noise is a combination of many musical sounds. 

Air vibrations are the normal stimulus for our auditory 
apparatus in the ear. The vibrations originate in a sounding 
body which is itself in vibration; they are communicated to 
the air, and through the air to the ear. When we accidentally 
strike a tumbler we cause it to produce a ringing sound, and we 
can easily feel its vibrations. If, by touching the tumbler, we 
cause the vibrations to cease, the sound ceases at the same time. 
In the same way we may notice the vibrations of a gong after it 
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has been struck, or the vibrating prongs of a tuning fork. In 
some musical instruments, as, for example, the flute or other 
wind instrument, the air is set in vibration directly by blowing. 
These air-waves strike the drum of the ear, and are conveyed 
inwards to the delicate mechanism of the inner ear, where they 
stimulate the receiving cells. The nervous impulses initiated 
by the changes in these cells are conducted by the fibres of the 
auditory nerve to the auditory centre in the brain. 1 When air¬ 
waves strike the drum of the ear at regular intervals, they are 
said to be periodic , and it is then that we hear musical sounds 
or tones. Noises are caused by aperiodic waves, or waves which 
fall irregularly on the drum. 

A tone, then, is the result of a number 2 of air-waves striking 
the drum of the ear at regular intervals. The more rapid the 
vibration, that is, the more rapidly the waves succeed one 
another, the higher the note; the slower the vibration rate, 
the lower the note. This characteristic in a musical sound 
which makes us speak of it as higher or lower is termed its 
pitch. Thus the pitch of a musical sound or note depends 
upon the number of air-waves which strike the ear in a given 
period of time—we usually reckon in seconds in this connection. 
Middle C on the piano we speak of as having a vibration rate of 
256 vibrations per second; C the octave above that has twice 
as many vibrations per second, that is 512. 3 

A note may vary in intensity when the same number of 
vibrations are reaching the ear every second, and the pitch 
remains, therefore, unaltered. Sometimes we hear the note 
loudly, at other times it becomes scarcely audible. What change 
is there in the air vibrations corresponding to the difference in 
intensity of the sound ? If we arrange a simple piece of appara- 

•k 5 cause s ? on become apparent. We have already de¬ 
scribed the graphic method for the measurement of short 

intervals of time. This depends on the employment of a smoked 

drui ?’ J he drum is covered with paper, and then held over a 
smoky flame—from benzol or camphor—until the surface of 


1 See Appendix A. 

the ***** *!• least two successive air waves must strike 

r ^“ZchoWi'^ l'?r wa \ P^ced. Recent work 

may produce the tone effect. ’ 4 ’ wo d 5eem to show ,hat a single wave 
c . 3 ? e Note has varied from time to time C = 2C6 is the 

fn international "pitch^A -«< a Mdth"^ iT ' ly USed in ’ a11 sciem ' fic work ‘ 

1 men, A =» 435, and the other notes vary accordingly 



6 4 


EXPERIMENTAL PSYCHOLOGY 


the paper is a smooth black. Such a smoked drum is rotated 
at a constant rate by clockwork or an electric motor. We take 
a tuning fork and fasten a light lever to one of its prongs. When 
the tuning fork is set in vibration the lever also vibrates with it. 
We bring the point of the lever lightly in contact with the 
smoked drum as it rotates, and the point traces out on the 
smoked surface the path of the vibrations of the fork, showing 
a series of movements to and fro in regular sequence like the 
swings of a pendulum. This tracing shows both the rate and 
the size or amplitude of the vibrations—a complete movement 
backwards and forwards being one complete vibration. As the 
sound produced by the tuning fork becomes fainter, we note 
that the size or amplitude of the vibrations is also becoming 
gradually less. If we count the number of vibrations regis¬ 
tered every second, we find that this number has remained 
constant, as the pitch of the note has remained unaltered. 
Loudness and softness, therefore, appear to be due to differ¬ 
ences in the size or amplitude of the vibrations. Noises also 
show differences in intensity in precisely the same way; whether 
they also differ from one another in pitch, apart from any pitch 
differences of their tonal components, it is somewhat difficult 

to say. 

There is a third way in which musical sounds may differ 
from one another. If we sound a note on the piano and then 
the same note on the violin, the resultant sound in the latter 
case, though of the same pitch as in the former, differs from it 
very considerably, so that no one listening has any difficulty in 
distinguishing the two. The reason is that neither instrument 
is giving us a pure tone. It is possible under certain circum¬ 
stances to obtain a pure tone, but if all musical instruments 
produced pure tones it is certain that our liking for them would 
be considerably diminished. The musical note given by any 
instrument is always composed, not of one, but of a number of 
tones, the dominant or fundamental tone giving to the note 
its characteristic pitch. The complex sound, as a whole, is 
known as a clang. Every musical note, then, is such a clang, 
and is composed of one fundamental tone and a number of 
overtones, as they are called. This can be easily demonstrated 
in the case of a violin. If one string be sounded so as to produce 
a tone, say, of 300 vibrations per second, we shall find that 
other tones are also produced of 600, 900, 1200, etc., vibrations 
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per second. These latter are the overtones. The string vi¬ 
brates, as a whole, at the rate of 300 vibrations per second, 
and it also vibrates in halves, in thirds, in fourths, etc., pro¬ 
ducing the higher tones of 600, 900, 1200, etc., vibrations. 
These overtones can often be distinguished by the practised 
ear. But, if the string is made to vibrate, and then lightly 
touched with a feather at its middle, or third, or quarter, etc., 
the corresponding overtone will ring out clearly, the other 
notes being damped. There is a simpler method still of demon¬ 
strating overtones. Hold down a note on the piano without 
sounding it, thereby raising the damper and giving the string 
freedom to vibrate. Then loudly strike the note an octav! 

We _L-11 1 — •» • * * - - 


below and let it go. we snail near vibrating the string of the 
note we are holding down, giving us the first overtone, and it 
then becomes easy to recognize this overtone in the note origin¬ 
ally sounded. The other overtones can be easily distinguished 
in the same way. & 

nr 5 ^ Wkh . t0 i Cn< ? W exactly the v ‘bration rates of overtones 
or of other tonal elements of a complex sound, we employ 

resonators. A confined chamber of air or a stretched string 

“r." n resonat “f: The *nn g or the confined alt is attuned 

ate, that rate being the rate at which it would vibrate in aivino 
its own note. If the string or confined air be at- rest- anri ^ ^ 

possessing this vibration rate to whfch the strfn/nJ 1 a 

Will be i m mediately thrX U 1 nto svm?Z 5 n8 theS * 

dlffMentmnesTn thl°comoi ent t0 “? W6 Can th “ 3 ' P^°"ut the 
of overton “ 

lar overtones that gveT to'each" 1 ™^* P , r ° minence of P^ticu- 
characteristic quality and th P riiff - instrument its own 

of as its timbre . iMs this also t-W*^ the n0te we s P eal « 
one human voice from another Cn f bles us to distinguish 

« dull, lifeless, and flat-fo^ u° nt OVertone3 

The tuning fork gives relativelv Y P u° r m overt <>nes. 

distinguish the first overtone anrf i t0I } es * but we can often 
are not harmonic. * a * s0 overtones which 

Some psychologists 1 speak of musical sound, 

i r. ; musical sounds as possessing 

" example, James. Calkins, Watt. 
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a fourth characteristic. They claim that musical sounds 
besides differing from one another in pitch, intensity, and 
timbre or “ clang-tint,” differ also in volume. This, however 
is a much disputed point. Calkins writes : ** The roar of the 
waves on the beach is not merely a deeper-pitched, nor always 
a louder, sound than the voice of the child at play beside them • 
it is also what we may call 4 bigger,’ 4 vaster,’ more 4 extensive,' 
or more 4 voluminous.' . . . This sound-bigness or volume, it 
should be added, varies with the pitch, for the lower the pitch 
the 4 bigger ’ is the sound; yet volume is not identical with 
pitch.” 1 Watt, who has recently done important psychological 
work on sound and music, writes : 44 The series of tones of simple 
pitch contains a variation of volume or mass. Low tones are 
great or massive and all-pervasive ; high tones are sharp, thin, 
and circumscribed ; as tones rise in pitch, their volume shrinks 
gradually, pulling itself together as it were, till it is finally too 
small and thin to be noticed.” 2 

The pitch range of audible tones varies considerably with 
different people. A grand piano, which usually ranges from 
about 26 to about 4000 vibrations per second, does not nearly 
cover the range of tones we are capable of hearing. We can 
hear lower tones on the one hand, and very considerably higher 
on the other. As a result of careful investigation it has been 
estimated that the series of tones audible to the human ear 
extends from a note of 16 vibrations per second to one of about 

22,OOO. s 

Giant tuning forks have been devised for the production of 
the very low tones. Each prong is furnished with weights 
which are clamped on. As the weights are gradually moved 
towards the ends of the prongs, the tone becomes lower and 
lower. As it becomes lower the tone becomes very faint, and 
accompanying it we can hear a number of puffs. At a certain 
point the tone completely disappears, and we hear nothing but 
a series of separate puffs, each puff corresponding to one move¬ 
ment of the prongs. The point at which the tone becomes 
inaudible, leaving nothing but puffs, is the lower limit of hearing, 
or the lower limen or threshold of pitch. 

1 Introduction to Psychology, p. 93. 

* The Psychology' of Sound, p>. 27. 

* Some writers give a much higher upper limit, but it has been suggested 
that notes with a higher vibration rate are not heard as tones. What is 
heard is the noise made in their production 
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Tones having a vibration rate of over 22,000 are not heard 

K thlv are audible at all we hear merely a hissmg 
round ^ith no tonal element. This upper limit of pitch can be 

£ using the Gallon whistle.* By means of a screw-cap the 

the bore « long the note is relatively low, and the whistle can 
be made to emit a higher and higher note by decreasing the 
length of the bore, which can be finely adjusted by means of a 
micrometer scale on the whistle. When the upper limit: is 
reached, as we have said, a hissing sound alone is heard and this 
too, eventually becomes inaudible. Sensitive flames have be 
found to be affected by vibrations too rapid to be heard by the 
normal human ear. The upper limit of hearing has been found 
to become lower with increasing age, and it has been said t a 
no one over forty can hear the squeak of a bat. Sir Francis 
Galton, the originator of the whistle, relates how he went through 
the Zoological Gardens in London with the whistle and an 
india-rubber bulb at the end of his walking stick. When the 
animals had become quite accustomed to the stick he would 
press the bulb, thus causing the whistle to sound. If the 
animals pricked their ears he took it to mean that they heard 
the sound. He found cats most sensitive of all as regards 


power of hearing shrill sounds. 1 

The complete tonal series must not be regarded as a succes¬ 
sion of separate tones as in a keyed musical instrument; it is 
one continuum of tone. We can get the best conception of 
this by thinking of a siren. In the case of a siren the air is 
blown through a narrow tube so as to impinge on a large, round 
metal disc. This disc is perforated with a number of holes at 
regular intervals, and the current of air is stopped except when 
one of the holes is opposite the tube. The rate at which the 
disc rotates, and the number of holes in one ring round it, or 
the distance between contiguous holes, will regulate the number 
of puffs of air escaping in any period of time. The note given 
out can thus be varied at will with the rate at which the disc 


is rotated, and with gradually increasing rate we shall have a 
note continuously increasing in pitch—a continuum of tone. 
Theoretically we can obtain the whole range of audible 


1 


1 See Galton’* Enquiries into Human Faculty . 


* Ibid., p. 26. 
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tones trom a siren. If we begin by rotating the disc very slowlv 
so that only II or 12 holes pass the tube in a second, we shall 
of course hear no note, but only a number of puffs of air 
because the rate of vibration is below the lower threshold of 
tone audition. When the number of puffs is increased to 16 
most of us will hear a very low note. As we gradually increase 
the rate of rotation, the note rises continuously in pitch until 
it reaches the upper limit of tone audition. We have thus 
produced the whole tonal series as a continuum of tone. 

Listening attentively to the changing tone produced by the 
siren through its whole range, we feel that sometimes we can 
tell immediately that the note has altered in pitch, and at 
other times we require to listen for a longer interval before we 
can appreciate any difference. Differences in pitch are most 
accurately discriminated over the middle part of that section 
of the tonal series which is employed for musical purposes. 
Here practised observers can detect differences of less than half 
a vibration. The differential threshold for pitch—so it is de¬ 
signated—is about a third to half a vibration over a moderately 
wide range in the middle of the part of the tonal series used 
in music. At the upper and lower limits of hearing pitch 
discrimination becomes much less acute, and near the upper 
threshold differences of a thousand vibrations often remain un¬ 
noticed. It is interesting to note that a difference can frequently 

be detected when the observer is unable to say which of two 
notes is the higher. 1 

When two tones which are not too close together in pitch 
are sounded simultaneously, other tones are heard in addition 
to the fundamental tones actually sounded and their overtones. 
Such additional tones are known as " combination tones.” The 
objective source of combination tones is somewhat obscure, and 
in some cases they may possibly be subjective in origin. Where, 
as in certain cases, combination tones can be picked out by 
resonators, their objective origin cannot be doubted. 

The most easily recognizable of the combination tones is 
that known as the first difference tone. Its vibration rate is 
given by the difference between the vibration rates of the two 
fundamentals. Thus if h is the vibration rate of the higher and 
l that of the lower, the first difference tone has a vibration 

* In producing tones with the voice the musically gifted can vary a note 
accurately within limits of less than i vibration per second. 
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rate of h — l. Or, to take a concrete case, if we sound notes of 
200 and 300 vibrations per second respectively, a difference 
tone of 100 vibrations per second is also produced, that is, a 
note which is an octave below the lower fundamental. Under 
favourable conditions other difference tones may be heard. 

Thus a second difference tone has a vibration rate of 2/_ h. 

This would represent the difference between the first overtone 
of the lower and the higher fundamental. Thus apparently the 
overtones of the fundamentals may also produce difference tones. 
In the concrete case given, this second difference tone would 
also be a note of 100 vibrations per second. Hence with two 
tones a major fifth apart (ratio 2 : 3), the combination tone an 
octave below the lower fundamental is particularly prominent. 
There is some doubt at the present time regarding the number 
of difference tones that may be heard, and recent work by 
Stumpf seems to indicate that the number is much more limited 
than was at one time supposed. In addition to the difference 
tones we may have a summation tone with a vibration rate 
corresponding to the sum of the frequencies of the fundamentals 
that is, h -b l, or in our concrete case, 500. If two tones have 
vibration rates of 400 and 500 respectively, and are sounded 
together, we would hear the summation tone of 900 the first 
difference tone of 100, a second difference tone of 300 and 

tnn«^m tones. Some of these combination 

them 1 Tfc be hC K rd by takmg two tuning forks and sounding 

fi,l P heno f nena serve to explain in part the wonder- 

ful effects which can be produced in modern music. 

It two tuning forks, both tuned to middle C (256 vibrations 
per second) are sounded, and held over resonating bottles * the 

Sin r dUCed are fused together, and we have perfect 

K now one of ^ these forks be mistuned—which can 


be rfnnA k,, ~ aa \~ . “—~ uubLunea — wnicn c 

y adding a weight to the prongs, or, where that 


is 


to yWd notes JyZlnT <£“?• tubes of diff ' r ' n ‘ 
▼ery easily manipulated. If we sound ™ S vibration rates, and are 

and then introduce one eivim? a h£w „ ^ ^ moderately low note, 

summation tone, or both may beVeard ’ * ° W dlfference tone or a high 
mouth, ]^rt mied^th waSr ^ Solnd < th &ri t C>rdina 7 , glaSS bottle with 

particular note. extent. The bottle is then a resonator for this 
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impracticable, by filing the ends of the prongs to raise the pitch, 
or filing the prongs near the base to lower the pitch—a some* 
what different result will be obtained. Suppose we have 
lowered the one tuning fork to 255 vibrations. When these 
two notes of 256 and 255 vibrations respectively are sounded 
together, once every second the two waves will reinforce one 
another, when their crests coincide, and once every second they 
will act against one another when the crest of the one coincides 
with the trough of the other. Hence there will be a continuous 
rising and falling in intensity of sound, technically known as 
“ beating.” The number of beats per second will be equal to 
the difference in vibration rate of the two tones—in this case one. 


With notes of 256 and 254 there will De two neats per secona, 
with notes of 256 and 253 three, and so on. As the difference in 
vibration rates increases the beats become more numerous, 
until their rapidity causes them to be indistinguishable as 
separate beats, and therefore impossible to count. They will 

then be experienced merely as a “ roughness.* 

If we continue increasing the interval the sensation of 

roughness in turn disappears, and we get the kind of experience 
we call consonance or harmony. Continuing still to increase 
the interval we get the roughness and then the beats reappear¬ 
ing this time between the higher note and the first overtone of 
the lower. This effect can be made clearer if we think of the 
varying note as rising in place of falling in pitch the other note 
remaining at 256. The first overtone of a note of 256 vibrations 
has a vibration rate of 512. When the varying note comes to 
about 500 vibrations per second, we get beating at the ra e 0 
twelve beats per second between it and this overtone, 
roughness in the major seventh interval is caused in this way. 
As the varying note rises still more in pitch this beating becomes 
slower and slower, until it finally disappears once more w en 
the notes are exactly an octave apart, the first overtone of the 
lower note being identical with the higher note. If a £ 
number of overtones is present in the case of both notes 
certain degree of roughness due to beating will ra; 
absent, except in the case where the interval is an oct • 

But with the consonant intervals the slight roughness nr y 
gives character to the combination. The assumption that 

presence or absence of beating is the basis of our experience <)f 

discord or dissonance and harmony or consonance has frequen y 
been challenged. Watt has recently (see Psychology of Sound 
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and Foundations of Music) rejected it entirely, and some 
psychologists, as, for example, Wundt, claim that the agree¬ 
ableness of consonance or harmony at any rate is due to the 
presence of strong identical elements in the overtones of the 
combined notes. Whatever may be the ultimate explanation, 
it is clear that certain musical intervals give dissonance, and 
others consonance, and that some intervals give a higher degree 
of consonance than others. The most consonant interval is 
the octave, and after that, in order, the fifth, the fourth, the 
major third, and major sixth, the minor third and minor sixth. 
On the other hand the dissonant intervals are the major and 
minor second and the major and minor seventh. 

The notes in a musical scale have constant relations to one 
another with respect to vibration frequency. The ratios m 
the Major Diatonic Scale (natural) are : tonic, 24 j supertonic, 
27 , mediant, 30; subdominant, 32 i dominant, 36 ; sub¬ 
mediant, 40; leading note, 45 ; tonic, 48. Thus the ratio of 

? t0 2 » **** fif t h 2 to 3, and $0 on. If we take 

middle L (written C ) as having a vibration frequency of 256 

then C has a frequency of 512, and the intervening notes of 
the scale have the frequencies: D, 288; E. 320- F • 

48o. represents what we have 

called a natural scale, and the unaccompanied human voice 

th ^ e . not « would give these frequencies, if singing 

* . 0wm S.practical considerations with key instru- 

frn ntS ^^ 0 ^ eVe 5’ lt A as bcen found necessary to diverge slightly 

kev^o^nH^ ^ SCalC * “ a11 the notes exce pt the tonic or 
cation of W, 1 o order to avoid an impossible multipli¬ 

cation of keys. Thus, what is called a 44 tempered ” scale has 

thT piano are^^ 2' n &n ° CtaVe of 

1 * 325 , 1 - 498 , 1-682, 1-888, 2’, the octav; being’ thus'dilTd^d 
into twelve equidistant semitones. The divergence of each 

note, except the tonics, from the notes of the 44 natural ” scale is 

P ' r Cent -’ the 6rSateSt bem g in th « submediant 
of soundTeneation/a^brirf aTcounfm qUa ' itative investigation 

important theories which have been S fafTtl ° f ^ m °" 

although its acceptance is not universal fs ?hat C of Pth K°i ry ’ 

bases h ls theory on the physical principle of 
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resonance. He regards the basilar membrane 1 as composed of 

a number of vibrating fibres or strings, such as we find in the 

piano. Each string vibrates in its own particular period, and 

each string picks out from any complex sound entering the ear 

that element which is approximately its own vibration rate, and 

resounds to that. If no such element is present as far as any 

fibre is concerned, then that fibre does not vibrate. A note of 

100 vibrations entering the ear will cause one fibre of the basilar 

membrane to vibrate maximally in sympathy, the fibre whose 

natural vibration rate is 100. In addition, the fibres, having 

the same vibration rates as the overtones, will also be thrown 

into vibration. A complex note is therefore not received as a 

complex note, but causes the vibration of a number of separate 

fibres of the basilar membrane, and is thus analysed in being 
received. 

The theory of Helmholtz is supported by cases of tone deaf¬ 
ness. Certain notes alone may be inaudible to some people, 
who can hear all other notes perfectly. This can be accounted 
for by imagining the failure of some of the fibres of the basilar 
membrane to respond. In one difficult experiment which was 
carried out, 2 it was found that dogs become deaf to high tones 
when the lowest whorl of the cochlea is destroyed, and to low 
tones when the highest whorl is destroyed. This is the result 
one would expect if the Helmholtz theory is sound ; for the 
fibres of the basilar membrane increase in length from the base 
to the apex of the cochlea, having the short fibres at the base 
which will respond to high notes, and the long fibres at the apex 
which will respond to low notes. Cases of “ tone deafness ” 
and “ islands of hearing ” in the human subject 3 also support 
the theory. 

It is difficult, however, to imagine the fibres of the basilar 
membrane, which only range in length from *04 to *49 mm., 
responding to tones which range from 16 to 22,000 vibrations. 
Only by a very great weighting of the fibres could this become 
possible. Further, the rods of Corti, which rest on the basilar 
membrane, and which act as dampers to the vibrating fibres, 
must have the effect of greatly curtailing the freely vibrating 
parts of the fibres. Apart from this difficulty, however, the 


1 See Appendix A. 

* Quoted by Myers, Experimental Psychology , vol. i., p. 48. 

* Ibid., chap. iv. 
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theory serves to explain most of the facts of the hearing of 

mU In consequence of the difficulty of conceiving how the basilar 
membrane can exhibit resonance in the mannersrequired by the 
Helmholtz theory, Ewald suggested a different explanation of 

our tone audition and pitch discrimination. By experimenting 

with an artificial basilar membrane on which he arranged a 
fork to vibrate, he found that each tone caused a series of wave- 
oictures to be formed on the membrane, which he could photo¬ 
graph and that each tone produced its own characteristic wave 
or sound picture, while noises produced a series of ever-changing 
sound pictures. Ewald suggested, therefore, that each tone 
produces its own sound picture as a whole on the basilar mem¬ 
brane and that the hair cells stimulated according to this 
sound-picture are responsible for the phenomena of tone audi¬ 
tion. This theory, however, requires a much more complete 
development, parallel with experimental investigation, before it 

can take its place with the older theory. .... 

The most recent theory is that of Watt. He entirely rejected 

the resonance theory, and, approaching the phenomena neither 
from a physical nor from a physiological, but from a psycholo¬ 
gical point of view, he proposed a theory which is, he claimed, 
in accord with the psychological facts and not inconsistent wit 
any known physical or physiological facts. This, he main¬ 
tained, is all that can reasonably be required of the psychologist. 
The basis of Watt’s theory is his view that sounds have a quasi- 
spatial character or attribute of volume, together with his 
contention that pitch represents, not a qualitative, but a posi¬ 
tional difference between notes. As the sound-wave passes 


through the cochlea it exerts pressure on the basilar membrane, 
and this is, as it were, bent out, the extent bent out correspond¬ 
ing to the wave-length and giving the attribute of volume to 
the sound sensation. Corresponding to the crest of the wave 
in the case of a pure tone there will be a point of maximal dis¬ 
placement of the membrane, equidistant from where the dis¬ 
placement begins and where it ends. This will give the pitch 
of the tone. Where more than one tone is present, as in a 


clang or chord, the lowest determines the total extent of the 
basilar membrane displaced, the other displacements being 
superposed upon this, with maximal displacements correspond¬ 
ing to the several pitches of the various tones involved. 

Expressing it in this brief way scarcely does justice to Watt’s 
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* 

is, as we have said, primarily psychological. 
His psychological analysis of our experience of musical sounds 
led him to the view that such sounds present themselves to 
us as masses with prominences showing a definite and orderly 
pattern. In music there is therefore always a single contin¬ 
uous, though varying, volume of sound, with prominences in 
orderly arrangement and succession, and it is the form of the 
total volume with these prominences that gives rise to our ex¬ 
perience of consonance, dissonance, melody, and so on. Melody 
represents, as it were, orderly movement. Not the least in¬ 
teresting point about the theory is the way in which it brings 
music into line with the other great forms of art. 1 

In discussing the upper and lower limits of tone audition we 
have already had to refer to quantitative experimentation; 
for all determinations of thresholds are necessarily quantitative 
experiments, and are carried out by the employment of one or 
other of the psycho-physical methods. Quantitative methods 
are also employed in testing an individual’s delicacy of pitch 
discrimination. This is really testing the individual’s musical 
ear, though it is an entirely different kind of test from that 
ordinarily employed under the name of ** ear test.” The 
ordinary “ ear test ” is mainly a test of musical memory. In 
testing an individual’s pitch discrimination we employ two 
notes—as nearly pure tones as possible—one being taken as the 
standard, the other as the variable. The notes may be given 
by practically any source allowing of a sufficiently fine grading 
of the pitch, but are most conveniently given by tuning forks 
or stretched piano wires. Spearman’s dichord with two 
stretched wires is, perhaps, the most suitable arrangement. * 
We may employ the Method of Limits, the Method of Serial. 
Groups, or the Method of Right and Wrong Cases. The simplest 
procedure is by the first or second of these methods. The 
standard is first sounded, both wires damped, and then a vari¬ 
able sufficiently different to be easily distinguished as different 
is sounded, and both wires damped once more, the object of the 
damping being to eliminate any resonance, and to keep the 
duration of the notes equal and constant. Care should be taken 
to secure that both notes are sounded with the same intensity. 
Bringing the variable nearer and nearer to the standard by 
lengthening or shortening the wire, as the case may be, by 


0 


1 Psychology of Sound and Foundations of Music. 
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constant gradations, we ultimately get a variable which the 
subject fails to distinguish from the standard. We then begin 
an ascending series (or descending) with the variable indistin¬ 
guishable from the standard, and increase the difference until 
they arc discriminated. Thus we determine the length of wire 
at which the variable is just distinguished from the standard. 
Sounding the note at this length simultaneously with the 
standard, and counting the beats per second, we obtain the 
threshold in vibrations per second. Through the middle range 
of the musical scale, as we have already seen, the good musical 
ear can distinguish differences of $ to ^ of a vibration per second. 
Such differences, however, cannot be reproduced even by the 
musically gifted. A difference of about *9 of a vibration appears 
to represent aBout the limits of accuracy in reproduction of a 

note. 

An interesting phenomenon frequently appears when two 
notes of the same pitch are presented separately to the two ears. 
They may be judged to be different in pitch. This difference 
in pitch of the two ears can be tested and measured quite simply 
by means of tuning forks. The experimenter tests the forks 
beforehand to make sure they are producing the same tone. 
The two forks are then struck simultaneously and held one to 
each ear of the subject in immediate succession—one to the 
right ear, and then the other to the left. The subject may 
judge them different in pitch. The pitch of one is altered 
by filing or by adding a little wax to the prongs, until the sub¬ 
ject says the two are identical in pitch. By striking the forks 
and holding them over a resonating bottle we can now count 
• the number of beats per second, which gives us the number of 
^vibrations per second by which the one fork differs from the 
other,"^Pnd, therefore, the pitch difference of the two ears. 

Quantitative methods may also be applied to the study of 
auditory acuity. It is a well-known fact that individuals 
differ in their ability to hear sounds. Not only does acuity of 
hearing vary with individuals, but it varies with the same 
individual according to his condition. It is somewhat difficult 
to test, or rather measure, acuity of hearing satisfactorily, owing 
to the difficulty of procuring a standard sound of constant pitch 
and intensity. We generally test practically by means of a 
watch. No measurement is possible with a watch, but for 
practical purposes it answers sufficiently well, except that the 
quality of the tick, like that of any similarly complex sound, 
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alters considerably with its distance from the ear. The essen 
tial condition for the test is quietness and freedom from 


II - - 'jwivuiWOO I 

all external and disturbing sounds. The ears ought to be 
th S e« d K- eP f r - atey ‘ j 0 "®u ar is P Iu W ed with cotton wool, and 

of snnnH IV ^ ™ th th ® ° ther ear in line with th « source 

01 sound. The experimenter begins by holding the watch so 
near the subject that its tick is plainly audible The distance 
is increased by equal gradations until the subject reports that 
e ticking is no longer audible. A series is then taken, begin¬ 
ning with the watch so far away as to be inaudible, and the 
distance being gradually diminished until the subject reports 
that he can once more hear the tick. The mean of the last 
distance at which it was heard in the first series and the last 
distance at which it was not heard in the second gives us the 
threshold distance, which we take as measuring the auditory 

acuity of the ear tested. To obtain accurate results each series 
should be repeated at least five times. 

Other methods of testing which have been devised depend 
upon the fall of a solid object from a definite or variable height. 
The intensity of the sound can be varied either bv varvine the 
distance from the subject or by varying the height ofX fall 
A simple apparatus of this kind is Politzer’s Acoumeter. This 
gives a fairly constant sound, and testing with it is conducted 
in the same way as with the watch, but greater distances are 
necessary, since the sound made by the acoumeter carries a good 
way. Wundt’s Fall-phonometer is another piece of apparatus 
for a similar purpose. It differs from Politzer’s apparatus in 
giving a variable height of fall. A more elaborate piece of 
apparatus still is Seashore’s Audiometer, one of the chief ad¬ 
vantages of which is that it can be used in a much more re- 


stricted space. 

Weber’s Law does not hold of the differential threshold for 
pitch. It does hold through a wide range in the case of the 
differential threshold for intensity. For noises we must in¬ 
crease the intensity by approximately one-third (measuring in 
terms of the height of fall) before the difference is appreciated. 
Tonal intensities are very difficult to study experimentally, but 
apparently Weber’s Law also holds of these, though compara¬ 
tively little reliable work has been done. 
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CUTANEOUS SENSATIONS 

C UTANEOUS sensibility represents the most primitive of 

all sense departments. Pressure, cold, warmth, are sensed 
far down the animal scale, and probably at its lowest 
extreme. All the other senses may be looked upon as developed 
from a primitive sense of " touch.'* In all cases receptors have 
been evolved which were specially adapted to be excited by 
particular kinds of '* touch," by ethereal vibrations, by air 
vibrations, by molecular vibrations, and so on. In the cutaneous 
surface itself receptors have been specialized to respond to dif¬ 
ferent kinds of stimuli, and to originate the specific sensations 
grouped under the head of cutaneous sensibility. Thus, there 
are in the cutaneous surface receptors for pressure, for cold, and 
for heat, while pain sensations are mediated by free nerve 
endings in the cutaneous and subcutaneous tissue. 

Our modern knowledge of cutaneous sensations depends 
largely on work done by Head and his colleagues, 1 and our 
discussion may fittingly, therefore, be introduced by an account 
of this work, the results of which were first given to the world 
in the Marshall Hall Address before the Royal Medical Society 
in 1905. On the 25th of May, 1903, Dr. Head’s radial and ex¬ 
ternal cutaneous nerves were divided at the elbow, small por¬ 
tions excised, and the ends sutured. As a result, all forms of 
cutaneous sensibility were lost over a wide area of the forearm 
and back of the hand, the previous sensory condition of which 
had been carefully examined and found to be normal before the 
operation. But the loss of cutaneous sensibility did not involve 
the loss of all sensibility to pressure. '* Stimulation with cotton¬ 
wool, the prick of a pin, the application of all forms of heat and 
cold, were unappreciated, and the two points of the compasses 
could not be discriminated 2 even when separated to the farthest 

1 Sec chap. vi. 


1 Brain . 
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extent possible. But stimulation with the point of a pencil 

was at once appreciated, and the point of application localized 

with remarkable accuracy.” Further, in a test utilizing “ the 

irregularities m an otherwise smooth surface the hand that had 

een robbed of all its cutaneous sensibility was found to be 

actually more sensitive than a similar part on the normal side ” 1 

When however, the skin was lifted so that the pressure did not 

atject the subcutaneous structures the pressure was no longer 

telt. The sensibility remaining, therefore, after the operation 

was a deep sensibility in the underlying muscles. In the skin 

itself over the affected area there was no sensitivity to pressure 
contact, cold, heat, or prick. * 

Seven weeks after the operation sensations due to prick 
began to be appreciated. These pain sensations, however, were 
not localized, but radiated widely and were frequently referred 
to points at a considerable distance from the point stimulated. 
When sensibility to cold and heat was found to have returned, 
sensations were produced by ice, and by water at 50° C., but 
there was no sensitivity whatever to temperatures between 
about 24 and 38°. The cold and heat sensations obtained 


were found to be due to cold and heat spots in the cutaneous 
surface, first described by Blix and more carefully studied by 
Goldscheider. 2 Hence, along with the sensibility to prick, 
these spots, sensitive to extreme heat and extreme cold respec¬ 
tively, made their reappearance before there was any other 
trace of cutaneous sensibility. The spots “ were set in an area 
insensitive to temperature stimulation. The cold spots might 
be stimulated by any temperature below 24 0 C., and when they 
were stimulated they reacted explosively, the sensations not 
being localized but radiating widely, as in the case of the pain 
produced by prick. The behaviour of the heat spots, which 
might react to a temperature from 38° upwards, was similar. 
Experiments carried out on these cold and heat spots showed 
that they were incapable of giving “ graduated sensations of 
heat or of cold.” At the same -stage of recovery movement of 
the hairs on the skin ” produced a curious widespread formica¬ 
tion, with the same reference to distant parts as in the case of 
temperature and pain.” But at this stage there was no sensi¬ 
tivity to light touch or to warm or cool degrees of temperature.* 
Thus the operation had, apparently, resulted in the dis- 


1 Brain , vol. 28, 1905. 


1 lac, cit. 


* lac, cit. 
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tinguishing and separating of two forms of cutaneous sensi¬ 
bility, one of which gave qualitative experiences of pain, cold, 
heat, and a peculiar kind of “ touch," without quantitative 
gradation or definite localization, or discrimination of simul¬ 
taneously applied contacts; the other gave experiences of 
warmth and coolness, and of light touch, with gradation, 
localization, and discrimination. The first form of cutaneous 
sensibility was termed protopathic, the second epicritic, Both 
are present normally, together with a deep sensibility to pain 
and pressure. When both are absent deep sensibility may 
still be present, and protopathic sensibility may De present 
without epicritic. When protopathic sensibility is present with¬ 
out epicritic, characteristic differences manifest themselves, 
even with regard to sensations which are due to the protopathic 
element in normal sensibility. That is to say, the development 
of epicritic sensibility means not only the addition of sensations 
not previously obtained, with gradation, localization, and dis¬ 
crimination, but means an alteration of all cutaneous sensations. 1 

The qualitative study of cutaneous sensibility in the labora¬ 
tory is carried out in the main by punctate stimulation of the 
cutaneous surface. Consequently the protopathic element is, 
perhaps, somewhat over-emphasized, and the student is apt to 
get a somewhat one-sided and distorted notion of the nature of 
cutaneous sensibility, which it is by no means easy for him to 
reconcile with his everyday experience. Quantitative work 
might form some sort of corrective, but, unfortunately, quanti¬ 
tative work on cutaneous sensibility is seldom done except by 
advanced students. The most satisfactory procedure in this 
case, therefore, would seem to be to begin with the study of 
certain phenomena which are more or less characteristic of all 
departments of our sensory experience, and thus incidentally 

to gain some general acquaintance with cutaneous sensibility in 
its integrity. 

Let us start with the phenomena of accommodation. If an 
object of moderate weight—a cork, for example—weighted with 
some lead—is placed on the cutaneous surface, say, of the fore¬ 
arm, we experience at first a sensation of pressure. Gradually 
we become less conscious of the pressure, and in a little while 
the sensation has entirely disappeared. The cutaneous sur¬ 
face has become accommodated to the pressure. Only when the 
pressure is quite constant can accommodation take place. Any 
change of intensity in the pressure makes itself felt immediately. 

1 Subsequent investigations by Boring and by Schafer throw consider* 
able doubt upon the accuracy of Head's observations. 
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In all sense departments, indeed, it is primarily change that 
gives rise to sensation. If, when the cutaneous suS has 
become accommodated to the pressure, the cork is removed 
we experience after-sensations more or less analogous to the 

described atl ° nS ^ CaSC ° f vision » which have been already 


Analogous phenomena can also be obtained with tempera¬ 
ture sensations. There is accommodation to warmth and cold¬ 
ness, and after-sensations, both positive and negative are 
especially prominent in the case of cold. The glow of warmth 
felt after coming out of a cold bath is partly due to negative 
after-sensations. A striking illustration of the phenomena of 
accommodation to warmth and coldness may be obtained by 
preparing three bowls or basins of water. To begin with, all 
three are at the same temperature. The right hand is placed in 
one bowl, the left in another. The water in which the right hand 
is placed is gradually heated, say, to 45 0 C., and that in which the 
left hand is placed gradually cooled, say, to 5 0 C. If the heating 
and cooling respectively are very gradual the subject may not 
be conscious of any change of temperature. Both hands are 
now placed together in the third bowl, the water of which has 
remained at the temperature of the room, say, io° C. To the 
one hand this water will appear cold, to the other, warm. The 
sensations of warmth and coldness, therefore, seem to depend 
on the relation of the temperature of the stimulating object 
to the physiological equilibrium of the moment, as that has 
been determined by the immediately preceding accommodation 
process. In this case the one hand had been accommodated 
to a temperature of 45° the other to a temperature of 5 0 . 

The ordinary method of qualitative study of cutaneous 
sensibility, as we have already indicated, is by punctate stimula¬ 
tion. If we mark off a small area of the skin, for example, on 
the back of the hand between the second and the third meta- 
carpals, and explore it with a pointed metal cylinder which has 
been cooled in ice water, we shall find that a cold sensation, 
often quite sharp, is experienced at definite points. These 
points—the so-called ** cold spots ”—are somewhat irregularly 
distributed, occurring either as isolated spots, or in chains or 
clusters. Warming our cylinder in water to about 50° C., we 
shall find heat sensations similarly given at definite points. 

" Heat spots ” are not so numerous as “ cold spots.” They 
are, however, distributed in much the same way, except that 
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clusters of chains of spots are rsthcr less frequent. The heat 
spots ” react more slowly than the “ cold spots,” and the sensa¬ 
tions tend to radiate to a greater extent. “ Touch spots ” can 
be found in the same way by exploring the marked area with 
a stout hair n ounted on a wooden handle, and pain spots 
by exploring with a mounted bristle. Pain spots are most 
numerous of all on the cutaneous surface as a whole. Certain 
areas, however, are quite free from pain spots, as, for example, 
an area on the inside of the cheek, and in the same way other 
areas are characteristically areas where one kind of spot is pre¬ 
dominantly present, and another practically absent. 

In all these experiments we have employed the kind of 
stimulus which is naturally calculated to evoke the respective 
sensations. Such a stimulus is called the adequate stimulus. 
We may, however, evoke the sensations in all cases by electrical 
stimulation, using a copper wire with the end rounded to a 
small bead, the electrical stimulus being given from the secon¬ 
dary terminals of an inductorium. This stimulus may be ap¬ 
plied to the different spots already located in the area which we 
have explored, and it will be found that each responds with its 
own sensation. Such a stimulus is effective , but not adequate. 

If we examine the structure of the skin we find embedded in 
it a great number of bulbs and corpuscles, which form the 
termini for nerve fibres. These are believed to be the receptor 
organs for cutaneous sensations. The end-organ of Ruffini is 
supposed to originate sensations of warmth, while the bulb of 
Krause is said to yield us our sensations of cold. The cor¬ 
puscles of Meissner and of Pacini, and the nerve endings at the 
roots of the hairs are usually regarded as the receptor organs 
for touch. Pain appears to be represented by no special end- 
organ, and is probably associated with the free nerve endings. 
These are found to be very numerous in areas of the skin which 
are highly susceptible to painful stimuli, as, for example, the 
cornea of the eye, that is, the transparent covering in front 
over the iris and the pupil, while on the other hand in the area 
of the inside of the cheek, which we have already seen to be 
insensitive to pain, free nerve endings appear to be absent. 

The tips of the fingers are crowded with Meissner’s corpus¬ 
cles, and these are areas which are particularly sensitive to 
contact or touch. Meissner’s corpuscles seem to serve as the 
main receptors for contact on all hairless surfaces. A touch 

spot is also found at every hair root. The end-organs of Krause 

6 
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are found in large numbers on the forehpaH . 

sis t icsa 

Ruffini—are numerous on the e’rtiM ot ”he'ehe^t f fnT ^ 
holds her iron when forming an estimate of its temoerat,. r„ 

KSr “ —-.L”UK 

As a rule we obtain from each spot only its own sensation 
Thus, cold spots give only sensations of cold. If we stimulate 

we'Zn 3 r tal rod . heated to a temperature from 45° to To» C 

a temperature sensation at all. Such a sensation is usually 
spoken of as a paradoxical cold sensation. We do not get a 
paradoxical heat sensation in the same way by stimulating a 

snot S.°f T a c ° Id . rod - K we thrust a needle into a cold 

hoth ? ban- we feel no sensation of contact or pressure 8 In 
both cases, if there is a sensation at all, the spot will give its 
own partmular response of cold. Analogous phenomeni occur 
in all four cases—heat, cold, touch, pain ; each spot yields its 
own sensation and no other. If we simultaneously stimulate a 

heat and a cold spot we experience a sensation of the kind we 
describe as burning.” 

We do not notice the punctiform distribution of sensitivity 
in e s in because ordinarily large areas are stimulated to¬ 
gether at any particular time. It is only when we explore the 
skin by punctate stimuli that we discover its lack of uniform 
sensitivity. We have spoken of pain spots as if pain was ex¬ 
perienced only as a result of the stimulation of particular free 
nerve endings. There is a sense in which this may possibly 
be true, but pain is also experienced in association with the 
other cutaneous sensations when the stimulus reaches a certain 
intensity. Too great intensity of stimulation will produce pain 
in the case of all receptors. Quick changes of intensity in the 
stimuli giving temperature sensations will also produce pain. 
For example, a sudden increase of heat will be experienced as 
pain, whereas, if the same degree of heat is slowly attained, no 
pain will be experienced. The latter fact explains how in 
certain circumstances great injury may be done to the organism 
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without the usual danger signal being made. On the other hand, 
a sudden blow, such as that from a bullet, may deaden pain, 
while the same pressure applied slowly to and through the skin 
will cause intense agony. Strong emotional excitement also 
seems frequently to dull the pain sense, as we shall see later, 
and a person labouring under a strong emotion may receive a 
serious hurt without being aware of it at the time. 

It is a well-known fact that a man who has had a limb 
amputated may feel pain in that limb. Such a pain is known 
as a “ propagated ” pain. The pain really originates in the 
nerve trunk, but is located at the terminus of the nerve, and in 
this case in the lost limb. There are two kinds of propagated 
pains. The kind just mentioned is a referred or projected pain ; 
the other kind is where the pain originates in one nerve, and is, 
as it were, transferred to another, as when eye defects cause 
pains in the forehead. This latter is known as an associated 
pain. 

The adequate stimulus for cutaneous pain is damage or 
threatened damage to the skin. The adequate stimulus for 
tactual sensations is usually mechanical, such as the pulling 
out or pushing in of the skin. If, however, the arm be placed 
in a basin of warm water, the contact is not felt uniformly over 
all that part of the arm which is immersed, but only at the 
upper surface of the water, where it is felt as a ring round the 
arm. The reason for this is that at the surface of the water 
there is a pressure gradient, and a pressure gradient is a touch 
stimulus. 

The sensations of tingling and itching may also be included 
under tactual sensations. Myers suggests that these are partly 
caused by reflex contractions of some of the muscle fibres 
attached to the skin. The sensation of tickling is remarkable 
for the extensive and intense sensation, and motor response, 
which can be produced by a very weak stimulus. 

The sensations derived from the cold, heat, and pain spots 
retain much of their protopathic character, even when epicritic 
sensibility is present. The cold spots especially tend to react 
explosively. The heat spots again give very indefinite localiza¬ 
tion. Areal stimulation on the other hand gives sensations 
with true epicritic character. The anatomical basis of this 
epicritic character is rather obscure, and the work of Head 
and his collaborators really does very little to remove this 
obscurity. Degrees of warmth and coolness, which fail to 
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excite the cold and heat spots are, nevertheless, appreciated* 
similarly light touch, as by stimulation with cotton-wool gives 
definite sensations of contact. These characteristics of epicritic 
sensibility are not explicable on the basis of the results obtained 
in punctate exploration of the cutaneous surface. 

Quantitative Experiments. —Quantitative experiments on 

cutaneous sensibility are of considerable interest and importance 
but involve technical difficulties to a considerable extent, as we 
have already indicated. Thresholds may be determined for 
each of the kinds of sensibility, as well as for the ability to dis¬ 
criminate two points simultaneously applied to the skin. The 
latter we shall have to consider when we come to deal with space 

perception. Of the others, sensibility to pressure and to pain 
are the most deserving of notice. 

The threshold for pressure may be determined in either of 
two ways. We may employ weights, or we may utilize the 
elasticity of a spring or fibre. There is considerable variety of 
apparatus available in both cases, some arrangements being 
very elaborate, in order to allow for the somewhat complex 
factors which are involved in the actual carrying out of the 
experiment. Scripture’s Weights and von Frey’s Hairaesthesio- 
meter may be taken as simple examples of the two types of 
apparatus. Scripture’s set of weights consists of 20 cork discs, 
3 mm. in diameter, suspended by silk threads from short handles. 
The weights range from I to 30 milligrams, with a difference of 
I milligram for the first ten, and 2 milligrams for the remainder 
of the series. The weights must be set down eveniy on the area 
of the skin to be investigated. There must be no jerking of the 
thread either in placing them down or in removing them. The 
method of limits with haphazard order is specially applicable 
under the circumstances. Care must, however, be taken at each 
sitting to avoid fatigue of the part of the skin being studied. 

Von Frey’s Hairaesthesiometer consists of a hair (horse or 
human) attached to a thin wire sliding in a metal tube. On the 
outside of the tube is a millimeter scale, and this indicates the 
length of projecting hair. The method of limits is used—either 
regular or haphazard—to determine the threshold in terms of 
the length of projecting hair at which pressure is felt when the 
hair just begins to bend. This is converted into milligrams 
at the end of the experiment by placing the hair in the position 
that has been determined on the pan of a balance, and finding 
the weight equivalent to the pressure at which it bends. 
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The quantitative study of pressure sensation is historically 
interesting because of the fact that the beginnings of quantita¬ 
tive work in experimental psychology were made in this neia. 
Weber established his law in connection with the discrimination 
of pressures on the cutaneous surface, and this led in Fechner’s 
hands, as we have already seen, to the development of that 
branch of experimental psychology which he called p 
physics r and which is still frequently so designated* The differ- 
ence threshold for pressure has been found to be about ^th 
of the initial pressure, and Weber’s Law .holds approximately 

for moderate pressures. 

The method of determining the threshold for pain is very 
similar to that for determining the threshold for pressure with 
von Frey’s Hairaesthesiometer. The usual apparatus, called an 
algesimeter, is indeed constructed on a somewhat similar prin¬ 
ciple, the pressure exerted by a sharp point being balanced 
against the tension of a spring, and that, in turn, registered on 
a scale. If we wish to determine the threshold for deep pain 
a considerably modified form of apparatus must be used, the 
sharp point being displaced by a circular surface. Cattell’s 
algometer is the most familiar apparatus of the latter type. 



CHAPTER IV 

SENSATIONS OF TASTE AND SMELL 

S ENSATIONS of taste and smell are not so complex as 
those of vision and hearing. They communicate to us a 
much simpler world. It is also much more circumscribed. 
The stimuli affecting vision and hearing may be at a distance 
from the respective sense organs, but with taste and smell the 
stimuli must be in close proximity or in contact. It may be 
thought that the organ of smell should be considered a distance 
rather than a contact receptor. In a way this is true. But 
the particles of the odorous substances which stimulate the 
olfactory cells must pass in respiration into the nostrils and be 
in contact with the sensitive surface there before a sensation is 
experienced. In any case the radius of action, so to speak, of 

the smell receptors is much more limited than that of the visual 
or auditory receptors. 

Taste and smell are very closely associated, more so, indeed, 
than is generally supposed. If it were not for our olfactory 
sensations most of our daily food would be almost, or quite, 
tasteless.” This may seem an extreme statement, but it can 
easily be verified by any one who cares to do so. If we plug 
our nostrils with cotton-wool, and then place in succession on 
the tongue, a small piece of onion and a small piece of potato or 
apple, we shall find, however incredible it may appear to one 
who has not tried the experiment, that we are totally unable to 
say which is which. The reason is that we have eliminated the 
co-operation of our olfactory sensations, which so largely assist 
in giving us the “ taste ” sensations which we normally ex¬ 
perience. Tea, coffee, and quinine, all taste the same if we 
exclude the olfactory sensations in the complex “ tastes ” with 
which we are familiar; tea and coffee may still be distinguish¬ 
able, but only because of the astringency of the former. In 
the same way when we are suffering from a severe cold, the nasal 
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passages are blocked, and in consequence we find all our food 

r rn as te_The end-organs for taste lie in the tongue and also 

in thftoft palate. 1 These so-called “ taste-buds ” must be 
stimulated before any sensation of taste can be experienced. 
The taste-buds occur in clusters, or papillae, of various kinds, 
which are quite visible on the upper surface of the tongue. 
The fungiform papillae are easily noticed from their red appear¬ 
ance, and the circumvallate papillae form open delta-shaped 
clusters at the root of the tongue. Taste is only experienced 
when these are stimulated. The tongue, however, yields other 
sensations in addition to taste. If a crystal of quartz is placed 
on the tongue we experience a sensation of cold, and a sensation 
of pressure, but no gustatory sensation. The whole of the tongue 
yields touch and temperature sensations. If a pinch of sugar is 
placed on the tongue a different experience is the result. We 
get touch and temperature sensations as before, but with the 
stimulation of the taste-buds we get in addition the gustatory 
sensation of sweetness. The addition of smell to taste, tempera¬ 
ture, and touch sensations gives us the complex experience we 
call the flavour of foods. Taste is more widely distributed with 
children than with adults. With the latter the middle of the 
tongue gives no sensation of taste, whereas in children taste- 
buds are found there, and also in the mucous membrane of the 
cheek. If our subject had been an adult and the pinch of sugar 
had been placed on the middle of the tongue, no taste sensation 
would have been experienced. 

By means of careful exploration of the surface of the tongue 
it has been found that four kinds of taste sensation, and four 
only, can be elicited. Moreover, these are in part differently 
located. The sensations are bitter, sweet, sour or acid, and 
salt—the tastes given respectively by quinine, sugar, lemon- 
juice, and salt. Certain papillae yield only one kind of sensation, 
others yield two, three, or even four kinds. The tip of the tongue 
is best for sweet and salt sensations ; the back gives the sensation 
of bitter; the two sides give the sensation of sour or acid in 
highest degree. Some tastes, as for example a metallic taste, 
are complex, and not simple. A metallic taste is said to be due 
to a mixture of sweet and salt. Nausea, contrary to general 
opinion, is not a taste sensation, but an organic sensation, under 
which head it will be discussed later. 


1 See Appendix A. 
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Since certain regions of the tongue, as the front and the 
back, yield only one quality of taste sensation, it may happen 
that the same substance gives different tastes in different 
regions of the tongue. Sulphate of magnesium (Epsom salts) 
tastes bitter at the back of the tongue, but may be experienced 

as sweet at the tip. Similarly, saccharine tastes sweet at the 
tip of the tongue, but bitter at the back. 

^ ^l! experiments that we carry out in studying gustatory 
sensations it is desirable that the substance to be tasted should, 
if possible, be presented in the form of a solution. In any case 
it must pass into solution in the mouth before it is tasted at all. 
Insoluble substances are tasteless. Moreover, a piece of sugar 
if placed on the tip of a tongue that has been thoroughly dried 
will seem tasteless until the tongue has become moist enough 
again to dissolve some portion of it. The solution employed, 
on the other hand, should not be swallowed, since in that way, 
if at all volatile, it may reach and stimulate the olfactory region 
through the passage at the back of the nose, and the results of 
the experiment may thus be vitiated. The usual method of 
procedure in taste experiments is as follows : The experimenter, 
employing a magnifying glass, draws a map of the subject’s 
tongue, sketching in the contours and any prominent papillae. 
These are numbered, and the experimenter stimulates these in 
the experiment. The subject sits as comfortably as possible. 
His eyes are closed and his nostrils are plugged with cotton wool. 
At the word “ ready ” given by the experimenter the subject 
presses his tongue against the roof of the mouth, thereby re¬ 
moving excess of moisture, and then he extends it. The ex¬ 
perimenter takes a camel’s hair brush, dries it, and dips it 
once or twice into the prepared solution which is to be employed 
in the experiment. Then he places the brush gently on the 
selected papilla and holds it there for two or three seconds. 
The subject may recognize the taste before the brush is with¬ 
drawn, in which case he signifies his recognition to the experi¬ 
menter. Sometimes, however, a considerable interval of time 
may elapse before the subject can satisfy himself that he recog¬ 
nizes the taste. The tongue is not withdrawn until the decision 
can be given. The mouth is then thoroughly rinsed, and every¬ 
thing is ready for the next experiment. A temperature of about 
40° F. is most favourable for taste discrimination. It appears 
that temperatures above or below that tend to dull, and even 
paralyse the taste-buds. If the mouth is rinsed with cold water 
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or with hot water, a solution ordinarily perceived as bitter or 

department analogous to the phenomena o f colour m 8 

taste sensations by synthesis, because although we can combine 
the odour with the taste, the touch and temperature seMatio ^ 

“ature are essential before the total complex expenence » 
attained There are other analogies to colour-vision. Just 
in vision two colours may neutralize one another so astoproduce 
a colourless combination, so in tastes one solution may neutral, 
another, and the combination be taste ess. Thus a salt solution 
of a certain strength may be practically neutrahzed by a sweet 
solution of appropriate strength. The same is true regard g 
an acid solution. The sourness of a fruit may be neutralized 
to a considerable extent by sugar. This phenomenon is 
as compensation . Sometimes, however tastes conflict with 
rather than neutralize one another. In that case we experien 
now the one taste now the other. This is known as rivalry, 

and again we can get an analogy in colour vision. 

Taste also exhibits the phenomena of contrast both simul¬ 
taneous and successive. The phenomena of simultaneous con¬ 
trast can be easily demonstrated. Dry the tongue as before, 
plug the nostrils, and let the subject close his eyes, or, if we are 
our own subjects, keep the eyes open and use a concave mirror 
to see the tongue. Apply simultaneously a drop of salt solution 
to one side and a drop of distilled water to the other side of the 
tongue. It will be found that the distilled water tastes sweet. 
If a drop of a weak solution of sugar—weak enough for the taste 
to be practically inappreciable—be applied instead of the dis¬ 
tilled water, the salt solution will markedly intensify the sweet¬ 
ness of the sugar solution. Salt has a much stronger effect m 
inducing sweet than sweet in inducing salt, although sweet 
will slightly intensify a salt solution. The effect of sweet on 
distilled water, however, is not to make it salt by contrast, but 
to make it sweet. In performing these experiments care must 
be taken to prevent the solutions mixing on the tongue. The 
phenomena appear the more remarkable when, we remember 
that the two sides of the tongue are supplied with nerves con¬ 
nected with opposite hemispheres of the cerebrum. 
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fill 1 H* m ?K th 13 fiU , ed w,th a strong salt solution, then rinsed and 
ed with a weak sugar solution, the contrast effect will be 

weak s u ear "solution Dl Th a™? i erVe instead of the 

salt and acid, or sweet and acid solutions are employed. The 

alter two do not give simultaneous contrast. Bitter is the only 
taste that cannot be produced by contrast. ^ 

Some of the effects of drugs in producing ageusia, or loss of 
taste sensation are interesting. Cocaine temporarily inhibits 
the sensation of bitter. The leaves of the tropical plant gymnema 

s y lv ' stre ' lf ch ®'y ed ' a PP ear t° abolish for a time the tastes of 
both sweet and bitter, leaving salt and sour unimpaired. 

. Quantitative Experiments.—Just as we can determine the 

threshold of intensity for vision, hearing, pressure, so we can 
determine the threshold for taste. This varies considerably 
for different individuals, and also for the four gustatory quali¬ 
ties. Bitter, sweet, salt, and sour have each their own intensity 
threshold. The method of determining this is as follows : Let 
us take for illustration the determination of the threshold for salt. 
Weigh out io grm. of salt and dissolve in a litre of water. Every 
cubic centimetre of this will then contain *oi gr. of salt. Measure 
out ioc.c. of this solution and make it up to 100 c.c. Each 
cubic centimetre of this will contain -ooi gr. of salt. Following 
this method we can make up salt solutions of varying strength, 
as, for example, of -ooi, *002, -003 . . . *oi, -02, *03, etc/ 
grammes of salt per cubic centimetre. Determine that solution 
with which the salt taste can just be detected using a simple 
variation of the method of limits. We can determine the 
threshold with practically any degree of accuracy. If, for 
example, we find that it lies between *02 and -03, that is, if the 
subject can detect no salt in the former and can detect it in the 
latter, we can make up solutions of strengths *021, *022, *023 
etc., and proceed as before. 1 

The following results have been obtained for the thresholds 
of the different tastes :— 2 


1 This method is suggested by Dell in Gateways of Knowledge, p. 71. 
* Sanford, Experimental Psychology, p. 48, after Bailey and Nichols. 
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acid 

sweet 

quinine 

sodium chloride 
sulphuric add 
sugar 

l : 390,000 

I : 2240 

1 : 2080 1 

1 : 199 



SmelL— The organ of smell, as we have already sccn » .j® 

1 ItrJated with the organs of taste. Smell also resembles 

Astern many ways. There are comparatively few pure odours 
!f we may so ttrmz ^ j h complex naturc> frequently 

i^voWine cutaneous and organic, in addition to gustatory 
involving ^ rather curious fact that we have no special 

"o designate special odours and to distinguish one odour 
from another § with the exception of the general affective terms 
' tdeasant" and “ unpleasant.” We are content to discriminate 

rome We speak of the smell of onions, of a lily, of fish, 
Ind so on.' 15 is, indeed, as if we were to call a colour butter- 

cup colour ” smelHira in the upper portion of the nasal 

cavitv 1 The olfactory region is supplied by two sets of nerve 
fibres The respective functions of the two, however, ar « jji ' 
ferent. One has nothing to do with smell proper at all. When 
the fibres belonging to this set are stimulated we* 
tickling or irritating sensation. The other set serves the sense 
of smeu. The stimulus for smell consists of very minute par¬ 
ticles emanating from the odorous object. These particles are 
carried into the nostrils in breathing, and stimulate the olfactory 
hair cells. It has been generally held that these particles must 
reach the mucous membrane in which the olfactopi cells lie m a 
gaseous form. Thus Weber filled the nostrils with water, and 
under these circumstances was unable to experience any sensa¬ 
tion of smell. Arensohn, however, in a very careful investiga¬ 
tion of this point, showed that if a weak salt solution was sub¬ 
stituted for the water odours were readily perceived, further, 
it has been shown that fishes possess a chemical sense acting at 
a distance—that is a sense of smell—since they are attracted 

1 See Appendix A. 
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well-known experiment of Bethe's led to a P - ene . trate - And a 
as regards crabs. Besides the olfJSnrt T 1 " c . onc «“s>on 
constantly bathed in the fluid mucus ^ Hen'^’iv 6 c" t? 30 is 

liquid in form e and that smen m a U I !? “ «ay, after all, be 

of sensitivity. 1 The difference in sensitivity^' j degree 

mous It has been estimated that smelTsL™^' en01 " 
sensitive than taste. 2 S times more 

we tn n ob h t e ain a of llfactlly "enlationl kn0wkdge 

examination of our olfactory experience an?!"! lntros P ectlv e 

amination is, in this case, particularly difficul K'^ "S 

presented much greater Hiffi on if \r r* *.*• i smell have 

It som h e C sort of"' de | Cr ‘ be P re f ntl y. have enabled us to arrive 
1 1° of c . lassific ation of sniells. 

wa A,® f A rS 7 sa tisfactory analysis and classification of smells 
hai S r S c fi elfs fflhe X° ^ P ostuIatin g nine systems 

tion was as follows :_ smca 


. Ethereal smells—all odours of fruit, beeswax, etc. 

. Aromatic smells—camphor, lemon, rose, etc. 

3- rragrant smells—orange blossom, vanilla. 

4- Ambrosiac smells—amber, musk, etc 

5- Alliaceous smells—assafcetida, fishy smells, etc. 

6. Burning smells—toast, benzol, tobacco smoke. 

/. riircine smells—cheese, sweat, etc. 

8. Virulent smells—all narcotic smells. 

9* Nauseating smells—all putrefying bodies. 

Although there were many difficulties in the way of accept- 
ng Zwaardemaker s whole theory, this classification of smell 
sensations was generally accepted until comparatively recently. 


1 General Psychology , p. 228. 


* Ibid., p. 228. 
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It was felt however, that further analysis was necessary, and 
that some of Zwaardemaker’s elementary smells were still com¬ 
plex. The whole field was worked over again by Henning, 
the result that the elementary smells were reduced to six an , 
if Henning is right, these six are related to each other ' \? CL \ 
definite way, which can be represented schematically by a 
figure not unlike the colour pyramid. Henning s six elementapr 
smells are: (i) Fruity (e.g. lemon); (2) Resinous (e.g. res ms) , 

(3) Flowery (e.g. violets); (4) Spicy (e.g. nutmeg), (5) § 

fe.e. tar); and ( 6 ) Putrid (e.g. decaying matter). If these 
smells are schematically represented by a triangular prism, wi 
flowery, fruity, and foul at one end, and opposite them at the 
other end spicy, resinous, and burning respectively, the lines 
joining each pair will give us intermediate odours between the 
two, and the whole will represent with fair adequacy our world 

of smell. 

It must be carefully noted that some so-called smells are 
not really odours at all. Curious though it may seem, ammonia 
is a practically odourless fluid. Its pungency is, in the main, 
due to peculiar tactual sensations, the particles emanating from 
it setting up an irritation, which stimulates the first set of nerve 
fibres already mentioned, and which is accompanied by sensa¬ 
tions of an organic nature due to reflexes which are evoked. 

As in all sensory departments, great individual differences 
exist with respect to the sense of smell. There are some people 
who seem entirely devoid of a sense of smell; there are others 
who are incapable of perceiving certain smells. The phenomena 
are analogous to total and partial colour-blindness. We may 
speak, therefore, of total and partial anosmia, either congenital 
or acquired. Many people, for example, are unable to smell 
the odour of prussic acid : others are unable to smell benzoin 
or vanilla ; for others mignonette has no smell, nor have violets. 
This fact, in itself, would seem to indicate differentiation of 
function in the olfactory cells. In the case of total anosmia the 
sensations of touch, taste, and the characteristic pungency of 
ammonia may be present, all that is lacking being the olfactory 
sensation. It is possible to produce anosmia either total or par¬ 
tial by artificial means. Certain substances affect our sensi¬ 
tivity to certain smells, leaving others unimpaired. 

This last fact has proved very useful in the analysis of com¬ 
plex smells. “ A subject whose organ is fatigued by the con¬ 
tinuous smelling of tincture of iodine can sense ethereal oils 
almost or quite as well as ever, oils of lemon and cloves but 
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faintly, and common alcohol not at all” 1 If an olfactory 
sensation is due to the compounding of two elements, and the 
subject has been rendered anosmic to one of them, the other is 
at once distinguishable. Now, our sense of smell is very easily 
fatigued. If we inhale the fragrance of a flower steadily for 
about a minute wc shall And that the odour diminishes in inten¬ 
sity very rapidly, and finally the flower becomes quite odourless. 
So in the case of tincture of iodine in the experiment iust cited. 
But it is not a case of fatiguing the organ of smell JTwhot 
Some odours remain unaffected. From this we can infer that 
only a part—say some cells—of the organ of smell is affected by 
the tincture of iodine, and no odour belonging to the same group, 
that is, affecting the same cells, can be smelt until recovery has 
taken place. Much experimental work has been done in this 
field, and, as we have already indicated, such classification of 
smells as have been made, are partly based on the results of 
such experimentation. Moreover, complementary information 
may be obtained by studying what may be called successive 
fatigue. Some odours, if smelt continuously, seem to undergo 
change. For example, oil of camphor smells first like turpen¬ 
tine, and this odour is replaced later by a smell like nutmeg. 
Hence we argue that the smell of oil of turpentine is complex, 
and comprises at least two component smells. 

As a result of these fatigue experiments, and of other experi¬ 
ments which we shall describe presently, other facts and rela¬ 
tionships with respect to odours have been worked out. Smells 
which are similar often emanate from substances the molecules 
of which have the same chemical build. Then again there is 
a long series of allied chemical substances, the smell of which 
gradually increases in intensity with increase in molecular 
weight. Thus marsh gas (CH 4 ), the first in the series, has prac¬ 
tically no smell. Ethane (C t l l 4 ) has a faint odour, and the odour 
increases as we pass up the series, propane (CjH,), butane (C 4 Hj^, 
etc. Sir William Ramsay propounded an interesting theory 
based on this fact. He suggested that the intensity of an odour 
depends on the size of the molecules stimulating the hair cells. 
These molecules must of course emanate in a gaseous form 
from the substance, whether that be itself solid, liquid, or gas. 
Marsh gas has no odour because its molecules are too small. 
On the other hand, many substances yield similar odours, and 

1 E A. McGtmbk, The Applicability oj Weber's Law to Smell, p. 7- 
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ran be smelt It is said that if emeralds, rubies, and pearls a 
ground for a longtimean odour f t “ ££ Tny 

and molecular structure. There are still other facts indicati g 

some connection. In experiments at Edinburg * 

that some of his subjects described odours in musical terms, and 

when asked to arrange odours according to the 
loeue of pitch, arranged a group of allied chemical subst 
on this basis in an order which corresponded to their molecular 
weights. Other experimenters have obtained similar results. 

In all smell experiments certain precautions must be ob¬ 
served. As far as possible the air in the room in which the 
experiment is being performed must be kept fresh and free from 
any odour. The breathing of the subject should be even and 
regular, and sniffing must be avoided, since it causes a reduction 
in the intensity, and an irregular reduction, by increasing the 

dilution with air of the odorous substance. 

There are in the domain of smell phenomena of the same type 
as we have already discussed in the case of taste. We have two 
organs of smell, one in each nostril. If we lead by means of an 
olfactometer—which will be described presently—one odour to 
one nostril and another odour to the other nostril, one of three 
things may happen. The odours may cancel one another—as a 
perfume cancels a disagreeable odour. This, as we have al¬ 
ready seen, we call compensation. Or the two odours may com¬ 
bine to produce a new odour. Or there may be, not fusion, but 
alternation of the odours, that is, rivalry. The case of fusion 
is specially interesting, because the fusion must take place 
centrally, that is, in the cortical centre for smell. 

— - * * m m m m m m. « 


Quantitative Experiments. —As in the case of the other sense 
departments, we can determine thresholds, both absolute and 
differential, for odtmrs. This is really testing acuity for smell. 
Two methods are available. We may prepare a series of bottles 
each containing a solution of the substance we are going to use, 
in different degrees of dilution. This is precisely the same 
method as was described when we discussed quantitative taste 
experiments. Or we employ the olfactometer, a special piece 
of apparatus designed by Zwaardemaker for this purpose. This 
apparatus consists essentially of two glass tubes (the double 
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olfactometer) bent upwards at one end for in«?<»rtm« 
nostrils, and with a millimetre scale etched on them The tube! 
are passed through two apertures in a metal sheet which se ™L 

“ a ? ct * en -, Over the straight ends of the tubes whkhZT. 
thus hidden from the subject, are slipped hollow porous tubes 

t S ?‘ Utl0n of the odorous substance. P B y drawing 
out this tube a larger area of it can be exposed to the current 

of air drawn into the nostrils through the inner tube, and the 

quantity of odorous particles proportionately increased. The 

scale enables us to read off the length of the outer tube so 

exposed, and the area varies as the length. If only one nostrU 

is being used in any experiment only one tube is used 

If in determining the absolute threshold for any odour an 
olfactometer is being used, the subject will perceive no odour at 

a WIt b- The hollow tube is gradually moved out 

until the odour becomes perceptible. It should be noted that 

the odour may be perceived long before it can be identified 
even in the case of familiar odours. The threshold for smell 
vanes considerably for different odours and also for different 
individuals. With musk, for example, the threshold is very 
low It is well-known that the odour of a grain of musk may 
be felt for years. The intensity of an odour also depends on 
the extent of surface stimulated. The larger the area stimu¬ 
lated the greater is the number of particles smelt, and the 
more intense, therefore, the sensation. 

Tastes anc smells are accompanied to a marked extent by 
agreeable or disagreeable feelings, and our main interest in them 
is with reference to their affective colouring, rather than with 
reference to the knowledge they convey. For this reason the 
investigation of taste and smell has been, to a large extent, 
neglected. It is true that these sensations do not rank so high 
with man as do vision and hearing, for they do not yield the 
same accurate and detailed knowledge of the outer world. As 
man has advanced in development and in civilization, the sense 
of smell has apparently degenerated. With some of the animals, 
however, smell plays a very important part in life, sometimes 
a more important part than is played by sound or sight. It is 
difficult for us to realize what a dog’s sense of smell means to it, 
or to understand how it is guided more by smell than by sight. 
Possibly the smell of the human being might still be greatly 

Under present conditions, however, such develop- 


developed. 
ment would be far from advantageous. 




CHAPTER V 


SENSATIONS OF MOVEMENT AND OTHER ORGANIC 

SENSATIONS 

S HERRINGTON has classified the various stimulus recep¬ 
tors or sense-organs into three groups on the basis of their 
position. The three groups are those of the exteroceptors, 
the interoceptors, and the proprioceptors respectively. The first 
are situated in or near the external surface of the body, and are 
excited by stimuli from the external environment; the second 
are situated on the internal surface of the body—mouth, alimen¬ 
tary canal, etc., and are excited by stimuli from objects coming 
in contact with that surface; the third are situated within the 
tissues of the body, and are stimulated by changing conditions 
in these tissues. Of the proprioceptors those giving rise to 
sensations of movement are of greatest interest to the experi¬ 
mental psychologist. These sensations are frequently grouped 
under the heading of the muscular, motor, or kinaesthetic sense, 
and play a very important part in the development of the in¬ 
dividual’s knowledge and skill. 

Motor or kinaesthetic sensations inform us regarding the 
position of the body, and the movements and mutual relations 
of the limbs. The joints of the body are moved by muscles 
which are connected to the bones by means of tendons or sinews. 
Kinaesthetic sensations are derived from muscle, tendon, and 
joint itself. There is some controversy with respect to the 
specific end-organs, but that there are sensory end-organs—the 
muscle “ spindles ”—in muscle and tendon may be taken as 
definitely established. There are apparently also tactile end- 
organs in the joints, on those surfaces which move over one 
another, but there is some doubt with respect to the identification 
of these, and also with respect to the part they play. 

When we move finger, or elbow, or foot, we experience a 
kinaesthetic sensation, or rather a series of kinaesthetic sensations, 
which inform us regarding the position to which the part in 
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question has been moved. It may be objected that we know 
our arm is in a certain position by seeing it there. Of course 
tms is quite true. Vision does enable us to correctly localize 
the limbs in space. But, if we close our eyes and actively move 
the arm, or, better still, get someone else to move it (this is 
known as passive movement) we can still tell with considerable 
exactness the position it is in. In this case we are relying on 
our sensations from joint, tendon, and muscle, and to a slighter 
degree on our sensations from the overlying cutaneous surface. 
As a matter of fact the kinaesthetic sensations very rarely occur 
alone. They are closely associated with our visual sensations, 
and they are almost always complicated with cutaneous sensa¬ 
tions due to the stretching and relaxing of the skin, and also 
with other tactual sensations due to the contact of cutaneous 
surfaces. It has been shown that if the skin is rendered insensi¬ 
tive, as by the application of cocaine, the kinaesthetic sensations 
are practically unaffected, and the position of the anaesthetic 
limb can still be accurately indicated. Hence the part played 
by cutaneous sensations in our accuracy of localization of the 
position of the limb must be regarded as relatively unimportant. 

In addition to telling us of the movement and position of 
our limbs, kinaesthetic sensations also give us the sensory basis 
of our judgments of weight, and to some extent pressure. In 
the matter of pressure, the pressure sensations in the sphere of 
deep sensibility contribute largely, but if weights are lifted the 
kinaesthetic sensations play the chief part in making our judg¬ 
ments accurate. We judge the weight of an object by the 
amount of strain we experience, and also by the effort we put 
forth. We shall require to consider both more fully later. In 
the meantime it is sufficient to say that sensations of movement 
and sensations of strain are really different in modality, though 
both are included under the head of kinaesthetic sensations. 
In sensations of movement the muscle probably plays the least 
important part; the feeling of strain, on the other hand, arises 
in the muscles and tendons. As for the feeling of effort, that is 
partly due to the resistance against external pressure or tension. 
As regards our apprehension of the position and movement of 
the limbs, sensations arising in the joints appear to possess 
most significance. Other sensations also included under motor 
sensations are the sensation of cramp in the muscles, and the 
complex of sensations in muscle, tendon, and joint, which we 
describe as fatigue. 
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The par.• P>ay«d by ‘he— the 

direction 13 speed ^nd extent of movement, is not very dear. 

thft skin over a joint anaesthetic, we can eliminate the part 
played by cutaneous sensations in our experience °f mwement 
at that joint. By passing a faradic current through the joint 

we can presumably eliminate the influence ofithe a * en5 ® t,on ^° 
the joint itself. Certain nervous diseases a!so have the ette 
of eliminating some groups of sensation, and leaving 
intact All the evidence obtainable from the various sources 
points to the view that sensations of movement are mainly 
resident in the joints. Anaesthesia of the skin over a joint does 
not impair in the least degree the acuity of the sense of move¬ 
ment at that joint, whereas anaesthesia of the sense-organs 
within the joint impairs acuity very markedly. This last tact 
for the sense-organs in the muscles are unaffected would seem 
to indicate that the part played in our experience of movement 
by sensations from the muscles themselves is by no means so 
significant as we are apt at first sight to suppose. This conclu¬ 
sion is confirmed by the fact that in jointless organs composed 
of muscle there is a very imperfect appreciation of movements 
and position. As we have already indicated, the sensations 
received from the muscles themselves are sensations of strain 


rather than of movement. 

Experimental work on kinsesthetic sensations falls into three 
divisions i the study of movement of the limbs, and of the 
conditions determining estimation of extent of movement j the 
study of weight estimation, particularly by lifting weights ; and 
the study of the phenomena produced by rotation or tilting of 
the body. We shall require to consider each of these in turn, 
beginning with the first. 

Study of Movement. —A very simple experiment will make us 
conscious of kinaesthetic sensations, strictly so-called, and of the 
function they perform in guiding movement. Sit in front of a 
table with eyes closed, with the two hands resting together on 
the edge of the table in the median line of the body, and with 
a small cork held in either hand—say, the right. Now move 
the right hand away from the left in any direction over the sur¬ 
face of the table, but without touching it. Lay down the cork 
at any spot on the table, and then move the right hand back to 
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its previous position beside the left. Let two seconds elapse, 
and then try with one movement of the right hand to pick up 
the cork, noting particularly the sensations by which the move¬ 
ment of the hand is guided. There are of course also kin- 
aesthetic images, and possibly—nay probably—visual images as 
well, co-operating in the guidance of the hand. The experiment 
may be repeated with the left hand. 

Our estimate of the extent of movement of a limb depends 
on various factors. Some of these factors can be isolated and 
studied without the employment of any very elaborate appara¬ 
tus. Place two rulers end to end along the edge of a table, 
about an inch from the edge. Let the subject sit facing the 
edge squarely, with the junction of the rulers in the median line 
of the body, and let him place the forefingers of the two hands 
together at this point. Two or three simple experiments may 
now be carried out. In the first, when the experimenter says 
the word “ now,” the subject, with closed eyes, begins to move 
the two forefingers simultaneously outwards, and so in opposite 
directions, trying to keep the distance moved through the same 
for both. The experimenter puts down his pencil in front, 
sometimes of the right hand, sometimes of the left, to act as a 
stop, and the distances moved by the fingers are then read off 
on the rulers. In most cases the distances traversed by the 
two hands will be found to be unequal. As a rule the right 
hand will have moved through the greater distance in right- 
handed subjects, the left in left-handed—that is, the preferred 
hand in both cases. If the fingers are moved successively, as 
may be done in a second experiment, the same results will 
probably be obtained, but in this case the effect of preference 
may be masked by the influence of the rate of movement of one 
or other of the hands. It is always essential that the subject 
should be kept ignorant, during the experiment, of the results 
he is giving. Otherwise he may set himself to correct for the 
errors he is making, and, through over-correction, give precisely 
the opposite results. This tendency to over-correct for a known 
error is a very common complicating factor in psychological 
experiments. It is specially marked in the case of kinassthesis 
because of the fact that turning attention to a movement causes 

its extent to be over-estimated. 

The defects of this simple method of experiment are fairly 

obvious when we employ it with the view of obtaining exact 
quantitative results. It is clear that there is no means by which 
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we can secure that the share taken in the arm movement by the 
respective joints, and by the respective groups of muscles, will 
always be constant from experiment to experiment, or even in 
the same experiment. Nor is it easy to secure constancy in the 
rate of movement. Myers 1 gives a drawing of a somewhat 
more elaborate apparatus, which may be employed for these and 
similar experiments, but it is more or less liable to the same 

defects. 

of Weight. —Experiments on the estimation of 
lifted weights, as we have already seen, have played a very 
important part historically in the development of experimental 
psychology. Such experiments are still regarded by most 
laboratory psychologists as of very high value for methodo¬ 
logical reasons, though their practical value is not so^ great, 
perhaps, as that of many of the other experiments carried out 

in the psychological laboratory. 

Our usual method of estimating the weight of an object is 

by lifting it and lowering it with the hand. It can easily be 
shown that this process involves far more complex factors and 
conditions than might be supposed. In the main our estimate 
of weight in such cases depends upon motor sensations. It is 
true there are also sensations of pressure involved, but these 
are of relatively slight significance, as far as our estimate is 
concerned. The main factors upon which our estimate is 
ordinarily based are the sensations of tension in muscles and 
tendons. It is also influenced by the rate at which a weight 
is lifted. The fact that the influence of rate of movement m 
the determination of weight persists even when the eyes are 
closed, but disappears in the case of subjects suffering from 
lc comotor ataxia, shows that its source is in the sensations from 
the sensory end-organs in the muscles and tendons. 

The amount of effort put forth in lifting, and the ease with 
which, and the height to which, the object rises in consequence, 
influence our estimate of weight, especially of the comparative 
weight of two objects, in curious and interesting ways. The 
effort we put forth is normally guided by our visual perception 
of the object to be lifted. If, then, we have to lift two objects, 
one of which is much larger than the other, we put forth 2 
greater muscular effort in lifting the larger, and a smaller effori 
in lifting the smaller. Consequently, we may find the large: 


1 See Textbook of Experimental Psychology , pt. ii.,p. 33. 
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objcci unexpectedly light owing to the ease with which it is 
ifted, and the smaller object in an analogous way unexpectedly 
heayy. This is clearly illustrated by what is known as the 
size-weight illusion. If two objects of the same shape and 
weight, but one of which is double the size of the other be 
presented to the subject in an experiment in estimating and 
comparing weights, he estimates the larger as much the lighter. 
So persistent is the illusion, that even when he has seen the two 
objects weighed, and knows them to be equal, he still feels the 
larger to be the lighter. The illusion persists, even when the 
eyes are closed, if tactual sensation enables the subject still to 
apprehend the size of the one object as compared with the size 
of the other. If, however, measures be taken to prevent any 
apprehension, visual or tactual, of a difference in size, there is 
no illusion. The amount of the illusion can be readily deter* 
mined. That is to say, we can determine what larger weight 
the subject estimates as equal to a smaller weight, say, of 
500 grms., and the difference gives us a measure of the illusion. 
The amount of the illusion is found to vary considerably with 
different individuals. It is also greater with adults than with 
children \ in fact, it is said to be absent, or even reversed, with 
very young children. 

Motor Attunement. —The phenomena of what is called “motor 
attunement ” are of the same order as those of the size-weight 
illusion. If we lift alternately two objects of the same appear¬ 
ance, but of markedly different weight, the one (say the heavier) 
with the right hand, the other (the lighter) with the left, after 
we have continued lifting for twenty or thirty times, different 
motor attunements are established in the two hands. When we 
now try to find a weight, which, lifted by the right hand, will 
be estimated as equal to another weight lifted by the left hand, 
we arrive at a judgment of equality when the weight lifted by 
the right hand is much heavier. It is evident that these pheno¬ 
mena are similar to those already discussed in the chapter on 
cutaneous sensations under the head of “ accommodation.” 

We have already, in the Introduction, described a weight¬ 
lifting experiment in illustrating the Method of Right and 
Wrong Cases. The experiment there described is a typical 
quantitative experiment in this field, and is an experiment which 
finds a place in most laboratory courses in psychology on account 
of its methodological value. 

Phenomena of Rotation. —The phenomena produced by rota- 
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ting or tilting the body are again strictly phenomena in a dif¬ 
ferent sense department—what we might call the static sense. 
They are, however, so closely allied to the phenomena we have 
been considering that static sensations may fittingly be included 
under kinsesthetic—at least as fittingly as sensations of strain or 
tension. 

The end-organs for the static sense are situated in the inner 
ear. The three little semi-circular canals in each ear, which we 
alluded to in discussing hearing, are the end-organs for sensory 
stimuli whose function is the maintenance of bodily equilibrium. 
The three canals are at right angles to each other, one lying in 
the horizontal plane, the other two in vertical planes. They 
may be said to lie in the planes in which confusion may readily 
take place. We may confuse up and down, back and front, 
left and right. The slightest movement of the body causes a 
movement of the fluid with which the canals are filled, and this 
movement in turn stimulates the hair cells, the hairs of which 
are immersed in the fluid. James compares these six little 
canals to spirit levels, from which we derive all our sensations 
of tilting or rotation of the head, and which, unconscious though 
we may be of their assistance, continually aid us in preserving 
our balance. Animals deprived of their semi-circular canals are 
unable to maintain their equilibrium, or to co-ordinate their 
movements. Deaf people, whose semi-circular canals have been 
seriously affected, are unable to maintain their balance when 
blindfolded. The canals are also responsible for the sensation- 
complex of giddiness or, as it is familiarly called, 44 swimming 

• T 1 U ^ ’ O 

m the head. 

As we have indicated, the semi-circular canals are stimu¬ 
lated by movements of the head, or rather, by any change from 
rest to movement, any change in rate or direction of movement, 
or any change from uniform movement to rest. The phenomena 
following on such stimulation are ordinarily studied by rotating 
the subject on a turn-table. When an individual is rotated 
with closed eyes, provided the rotation is at a constant rate, 
and the plane of rotation is maintained constant, he very soon 
loses all consciousness of movement. If he moves his head or 
if the rate of rotation is accelerated, consciousness of rotation 
returns. If the rate of rotation is diminished he has the illusion 
of rotation in the opposite direction. 

When the subject keeps his eyes open during rotation jerky 
movements of the eyes take place. The technical term for such 
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movements is nystagmus. At the beginning of rotation the 
eyes fixate a stationary object, then jerk forwards to another 
object, fixating that, and so on. While this stage lasts external 
objects appear stationary. Another stage, however, soon super¬ 
venes. The eyes remain passive following the movement of the 
body. External objects now seem to be moving in the direction 
opposite to that of rotation. This stage continues while rota¬ 
tion continues. When the rotation ceases a third stage is 
entered upon. The eyes continue to move forwards continuing 
the movement they had during rotation, then jerk suddenly 
back, then move forward again—nystagmus once more—so that 

external objects seem to continue moving for some time in the 
same direction as before. 

Nystagmus has been demonstrated by an arrangement due to 
Dodge, 1 even when the eyes are closed. It is also shown when 
the eyes are reopened after rotation has stopped, although the 
eyes were closed during rotation, provided the rate of rotation 
is sufficiently high. These eye-movements must therefore be 
regarded as a reflex response to the stimulation of the semi¬ 
circular canals by rotation. The sensation-complex we call 
giddiness is also produced by rotation, and may be very intense 
and very disagreeable if the eyes are kept open. Giddiness, 
according to Myers, is due to “ a discrepancy or confusion 
between the various labyrinthine, retinal, cutaneous, and motor 
sensations, which inform us of the position of the body relatively 
to the external world.” 2 It may, therefore, be produced in 
various ways. Any sudden alteration of the visual field, while 
the body is stationary, any unfamiliar strain on the eyes, rapid 
stimulation of the eyes as with flicker, as also the influence of 
various drugs, acting on the central nervous system, will produce 
the sensation-complex. It is of some interest to note that the 
rotation of the environment about a subject who remains sta¬ 
tionary will produce practically the same phenomena as rotation 
cf the subject with stationary environment. In this case there 
is presumably indirect stimulation of the semi-circular canals 
through vision, and possibly all visual after-sensations of move¬ 
ment ought to be regarded in this way. However that may be, 
it is difficult to conceive of giddiness at least being produced 
without the semi-circular canals being affected. 

1 Journ. of Experimental Psychology, vol. iv., p. 165. 

a fext-book of Experimental Psychology , chap, v., p. 64, pt. i. 
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Quantitative work on labyrinthine sensations may be done 
either with the turn-table, or with a tilting-board, by means of 
which the whole body is tilted in a vertical plane. The pro¬ 
cedure is in no respect different from that adopted for quantita¬ 
tive experimentation in general. The threshold for both rate 
and extent of rotation, or of tilting, may be thus determined. 

Visceral Sensations. —There is still an important group of 
sensations to be mentioned, though little more than mention is 
possible, since the experimental work done on these sensations 
has been very scanty. That is the group of sensations to which 
the designation organic is most frequently applied, but which 
might more fittingly be designated visceral , the term organic 
including kinaesthetic and labyrinthine sensations as well, to¬ 
gether with pain and deep sensibility. Visceral sensations play 
no mean part in our experience as a whole, for they determine 
to a large extent, or at least underlie, our complex moods. The 
general feeling “ tone ” of the body—the ccenasthesia —the feel¬ 
ing well, or the feeling of vague general discomfort, is largely 
due to these visceral sensations. We do not discriminate them 
in normal health, but they form, as it were, a vague extensive 
background, on which our experience as a whole might be said 
to be projected. Sometimes one group of visceral sensations 
becomes more prominent than the others, and this is always to 
a marked degree accompanied by a definite feeling of pleasure 
or the reverse. To such an extent is this the case, that some 
psychologists have sought to identify pleasure and unpleasure 
with vague and rudimentary visceral sensations. In any case 
visceral sensations are bound up with the vegetative and nutri¬ 
tive life of the organism and, as we should expect, therefore are 
markedly tinged with “ affect.” 

The whole class of visceral sensations has much in common 
with cutaneous. Any grouping that is possible can scarcely 
be claimed as qualitative, but depends rather on location in the 
body. Thus there are sensations associated with the alimentary 
canal, with the respiratory system, with the heart, and so on. 

There are, however, characteristic sensation-complexes. For 
example, the closeness ” of a room would seem to be due to 
sensations developed mainly in the respiratory apparatus. But 
it has a very characteristic quality. In the same way the 
rying of the membrane at the back of the throat at the en- 
trance to the alimentary canal, gives rise to the experience we 
can thirst ; the sensory experience in nausea is produced 
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plex of sensations; and hunger is a compjex experience, due, 
so far as it is sensory, to muscular contractions of the stomach. 

As we shall see later, visceral sensations accompany all 
intense emotions, such as intense fear or anger, and some psycho- 
loeists have identified these sensations with the emotions them- 
Lives as experiences. It is beyond question that the circula¬ 
tory and respiratory systems, and frequently the digestive system 
as well, in moments of strong emotional excitement, make a 
laree contribution to our general experience at the time. This 
contribution we must consider from another point of view when 
w© com© to discuss feeling and emotion. 


CHAPTER VI 


PERCEPTION 

T HE psychology of perception was more or less central in 

that traditional psychology which was really metaphysics 
rather than positive science, which at least passed over 
into a theory of knowledge or epistemology in such a way that 
no one could say where psychology ended and epistemology 
began. Most of the philosophical speculation of modern times, 
at all events since Hume, has centred round the theories of 
perception, and psychology has been freely called upon to 
support contradictory views by opposing schools of philosophy. 
In these theories of perception, however, experimental psy¬ 
chology has had little share, and until recent times, except for 
work on space and time perception, little experimental work 
had been done in this field. Recently a school of German 
psychologists, generally known as the Gw/afc-psychologists, has 
initiated an experimental study of perception which bids fair 
to revolutionize the psychology of perception, and which has 
already placed in an entirely new light some of the results 

previously obtained in special fields, as, for example, in the study 
of the optical illusions. 

Perception is the immediate apprehension of an object or 
situation affecting any or all of the sense-organs by way of sensa- 

‘•o„- h is the most elementary form of cognition, and indeed 
of experience. Much of the difficulty and controversy regarding 
perception has arisen because sensation has been looked upon 
as the most elementary mental process. This is not the Diace 
to discuss the question, but it may be pointed out that sensation 
is merely an aspect, never the whole, of experience, and that 
bare sensation does not exist in the concrete. Among the lines 

°L e r fV fstatemen t might be cited the results of 
the G«te//- pS ychologists. As against the view that a percept 

is nothing more than a group of sensations—the “ bundle 
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rhnln !!?'? 5 evidence brought forward by the Gestalt- psy- 

ologists must be regarded as quite conclusive. They have 

also performed highly useful service in the direction of showing 

now, and m what sense, perception is always perception of a 

single object, that is, of a whole. Some of their experiments 

are of the simplest kind. Take, for example, the “ fence 

phenomenon.*’ Fig. 5 shows eight lines, a, a, b , b, c , c , d , d, 

so drawn that the distance between a and a, b and b, etc., is 

vf S ^ distance between a and b , etc. Sensationally, we 

should get merely eight lines in pairs, with the spaces between 

them simply parts of the white page, and differing from one 



a a bfo ec dd 


Fig. 5. 

another merely in width, as the distance between a and a is less 
than the distance between a and b. What we actually get is a 
figure composed of the eight lines in pairs, with the spaces between 
the lines of each pair, on a background formed by the rest of the 
page. That is to say, the spaces aa , etc., form part of the figure, 
while the spaces ab , etc., form part of the background. The 
white spaces forming part of the figure do not differ sensationally 
from the others, yet they unmistakably differ for our perceptual 
experience. These spaces, as perceived, do not extend beyond 
the bounding black lines, and do not form part of the surround¬ 
ing white space, but are definitely marked off from it—some 
observers can in fact describe curves marking them off, which 
have no objective existence. The essential point, however, is 
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VI 


and this 


that for perception we have “ figure " and “ ground, 
holds in all sense d 'P"‘“ e ?* S described in terms of the older 

analytic psychology, always with th* prm,iso 

3T ad«mln 

tinanish three groups of factors, which may be designated 
jjrescntative representative , and relational respective y. e 
^tual sense data at the moment we are designating the P r ® s ® n ** 

revival In some form of past sense experience of the same or 
similar situations or objects. These factors may be regarded 
as merely additions of the same order to the presented sense 
d at a additions which are not actually presented but reproduced 
as aresult of past experience. In our perceptual experience of 
an object sensations derived from the object through different 
sense organs, according to the older view, tend tt>coj^- 

The result is that in subsequent perceptual experience of that 
obiect the particular sense datum of the moment tends to be 
accompanied, or qualified, by the other sensations formerly 
experienced. This usually takes the form of a vague psychic 
fringe but it is possible to regard some of the phenomena of 
synlsthesia in this way. Thus the whiteness of the sugar, which 
is at the moment affecting us through vision, is qualified by a 
sweetness which we do not see, whereas the whiteness of snow 
would be qualified similarly by a coldness, and the yellow of 
an orange would, as it were, drag into consciousness a fringe 
of sweet sensations, acid sensations, weight sensations, and so 
on. The facts are beyond dispute, though the older associa- 
tionist explanation of these facts leaves much unexplained. 
The process is one of integration rather than of mere association. 

It is with the relational factors, however, that we are more 
particularly concerned. These are factors determined by the 
relation of the object perceived to its sensory, ideational, and 
affective context. At present we have to deal in the main with 
relational factors which are of the purely perceptual order, 
though the general lines of our discussion will apply throughout. 
Perceptual experience in the human being, whatever may be 
the case with organisms low down the scale of life, is never 
separate and detached in the concrete, nor is any object or situa¬ 
tion experienced in isolation. The experience of any one 
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moment js a whole in which certain elements, as it were, stand 
out. The experience of the next moment does not emerge as 
an entirely new experience, but comes as a change in that of the 
previous moment. Consequently, every object or situation 
apprehended is apprehended in relation to the whole experience 
of the moment, and to the experience of immediately preceding 
moments. This is the general and fundamental fact. It is 
emphatically a situation that we apprehend, and every element 



Fig. 6. 

in that situation, which is momentarily separated out by the 
selective functioning of attention, is never thereby isolated, but 
is apprehended in a setting , that is, a context , while the situation 
itself is similarly apprehended in a context stretching back, 
even for perception, into the immediate past. Thus, from 
another point of view, we see that there is always this relation 
of “ figure ” and “ ground ” in perceptual experience, and that 
it is a necessary characteristic of perceptual experience. 

Other experiments upon which the ^^//-psychologists lay 
stress will illustrate this, as well as their own, position, and will 
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at the same time , « a< ^ ov '^ t0 ** phenomena become most 
^riltdvmantfest Let'us take an experiment of Wertheimer's. 

nn^d successively by means of a suitable tachistoscope with an 
anorooriate interval of time between the appearance of the first 
and that of the second line, what the subject sees is one me, 
which seems to move from the position of the first to the p 
Hon of the second. Similar phenomena appear if we expose 
WO points in place of two lines. In this case we can produce 
the appearance of two points appearing one after pother, or 

taneously present, according to the time interval. This illusion 
of movement is illustrated on a large scale by the cinema. 

Take now a case of an equivocal or ambiguous figure, such 
as that shown in Fig. 6. Here we have either a white cross on 
a black background or a black cross on a white background. 
We shall have more to say of such figures presently. In the 
meantime what we are interested in is the real nature and extent 
of the change that takes place when the black cross gives place 
to the white cross. When we see the black cross we see it on a 
white background which gives no suggestion whatever of a cross, 
but which rather gives the suggestion of being continued behind 
the black cross and of being more or less circular in shape, 
though its shape is somewhat vague. When the white cross 
becomes the figure the black cross similarly entirely disappears 
as a cross, and becomes a black, vaguely circular background. 
In each case figure stands out from background as if in a dif¬ 


ferent plane. 

The Geometrical Optical Illusions. —An illusion may be 

defined as “ a subjective perversion of the objective content of 
sense perception.” From what has just been said it will be 
obvious that there is always, in perception, something that may 
be described as a ** subjective perversion.” There is always 
at least a subjective addition to the sensational content. In 
the real illusion, however, there is a discrepancy between what 
is perceived and the real object. In the case of the geometrical 
optical illusions we take the real object as the object which is 
actually present according to the verdict of the scientific, mathe¬ 
matical, or measuring eye, the object apparently seen differing 
from this in some way. A perfect square mathematically, for 
example, always looks higher than its breadth. 
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, . I he ? e ‘Unions may be classified into three main grouns • 

of extent or distance; and (c) illusions of direction. All thr~ 

groups are interesting from the point of view of the Gestalt- 

psychologists as well as for the light which a study of the 

phenomena throws on the part played by more or less* obscure 
psychological factors in our space perception. 

(a) Illusions of Reversible Perspective ,—in order to obtain 



Fig. 7. 


the illusion effect most clearly the figures should be drawn in 
white on a black background. Reversible perspective figures 
are figures which show no perspective, and which therefore can 
be seen in either of two ways, so that at one time one part of 
the figure comes forward towards the observer, at another time 
the opposite part or side. The effect is very striking with some 
of the more complex figures, like Schrfider’s “ stair figure ” or 
Scripture’s “blocks.” But the effect can be obtained with 
quite simple figures like those shown in Fig. 7. If the subject 




Fig. 8. —Scripture’s “ Blocks.” 
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fixates a in the cross A, then that point appears to come forward 
from the plane in which rtf lies, and the line ab appears to have 
a direction away from the observer. If he fixates b in place of 
fl, then b in turn comes forward, and the line ba appears to 
have a direction away from the observer. Once the reversal 
has been obtained it can be produced practically at will, and the 
reader should practise producing it as rapidly as possible. In 
the case of the double parallelogram B, be can be seen in a plane 
either in front of, or behind, the plane of aedf so that we have 
the appearance of an open book, with its back either towards 
or away from the observer. Schrbder’s “ stair figure ” and 
Scripture’s “ blocks ” are also shown (Fig. 8). 

{b) Illusions of Extent or Distance .—Illusions involving 
under-estimation or over-estimation of a distance, extent, or 
length, may be produced in a variety of ways. We have already 
seen that a perfect square always seems higher than its breadth. 
This is an illustration of what is known as the ** horizontal- 



Fio. 9.—Miiller-Lyer Illusion. 


vertical illusion.” A vertical line always seems longer than an 
objectively equal horizontal line. Another familiar illusion of 
length is the “ Miiller-Lyer ” illusion, shown in Fig. 9, where 
ab is objectively equal to be. Filled spaces are always over¬ 
estimated relatively to empty spaces. Hence a line of dots 
will seem longer than the same distance between two dots. If 
two equal distances are marked off by dots, and a line drawn 
joining the dots in the one case, that distance immediately 
seems the greater. 

(c) Illusions of Direction .—A number of well-known illusions 
belong to this group. Straight lines may appear curved, bent, 
or broken under certain conditions. Each of these appearances 
is illustrated in Fig. 10. In A the lines across are straight and 
parallel, though they appear curved outwards at the centre; 
in B the straight line acb appears bent at c; in C the straight 
line pq appears as parts of two different straight lines, or as if 

q were not the continuation of p. 

The explanations suggested for these illusions fall into two 
groups. One group we may call the “ sensory ” group of ex- 
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plana.tions, the second the 44 relational V or inference ^ group. 
Not that these latter involve the postulating of anything that 
can be called inference in a strict sense, but because they involve 
postulating subjective factors and subjective processes which 
suggest the higher levels of mentality rather than pure sense. 
According to the first type of explanation the nature of the 



a 

a 

6 

Fio. 10.-—Illusions of Direction. 




retinal image, or our experience of eye movements is accountable 
for most of the illusions. The latter is the more general ex¬ 
planation. In the case of reversible perspective it is claimed 
that the movements of the eyes towards a point in the figure, as, 
for example, towards b in Fig. 7 A, tends to bring that point 
forwards, and the whole figure adjusts itself accordingly. At a 
first glance this explanation seems satisfactory, especially since 
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most subjects find that they apparently do cause reversal of 
such figures in this way. It can, however, be shown that 
reversals sometimes take place without eye movement and 
sometimes fail to take place with eye movement. In the*same 
way the horizontal-vertical illusion is said to be due to the fact 
that greater effort is involved in moving the eyes in a vertical 
than in a horizontal direction, and hence a vertical distance 
tends to be over-estimated relatively to a horizontal. But it can 
be shown that the illusion is present when the lines are exposed 
for a period too short to permit of eye movements. Similarly 
the over-estimation of filled relatively to empty spaces is ex¬ 
plained by the hampering of the eye movement in the one case 
owing to the intervening dots or lines. Most of the illusions of 
direction are attributed to the over-estimation of acute angles, 
which is also explained as due to the hampering of the eye 
movement at these angles. The decisive objection to all such 

explanations is that the illusion persists even when eye move¬ 
ments are eliminated. 

The explanation in terms of the retinal image is neither so 
plausible nor so comprehensive. In some cases the explanation 
is based on the curvature of the retina. For example, in the 
case of the over-estimation of filled as compared with empty 
spaces, Hering has maintained that our estimation of the un¬ 
filled interval depends on the length of the retinal chord between 
the two limits, whereas our estimation of the filled interval 
depends on the sum of the lengths of the retinal chords between 
the filling points or lines. The Miiller-Lyer illusion, on the 
other hand, has been attributed to the influence of diffusion 
circles thrown on the retina outside the region of distinct vision, 
and the consequent blurring of the images of the arrowhead and 
feather respectively, our estimate of the lengths of the lines 
being determined by the position of the centres of the blurred 
images. The decisive objection to this explanation is that the 
illusion increases with the distance of the figure from the eye, 
that is, the more the image falls within the region of distinct 
vision, and the less the blurring. 

The other type of explanation appears to be, on the whole, 
more satisfactory. Whether we adopt the views of the Gestalt- 
psychologists in their entirety or not, it is certain" that there is 
a definite pattern in all the illusions, and that this pattern has 
a character and even activity an of its own. The suggestion of 
activity will itself explain some of the illusions. The suggestion 
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of Defective involved in some of the patterns will explain 
others The fact that some of the illusions tend to disappear 
with practice, or with long fixation, would appear to support 

the relational or inference type of explanation. 

Svnsesthesia. —Synaesthesia means literally an accompanying 
or secondary sensation, but in general is used to designate con¬ 
comitance of disparate sensations. The most frequent form 
which this phenomenon takes is the association of sound with 
colour. Coloured hearing, or psycho-chromeesthesta, as it has been 
called occurs in many varieties, but in every case the audi ory 
stimulus not only sets up its own appropriate stimulus, but at 
the same time is accompanied by a strong visual image which 
has become closely associated with it. These visual images 
are sometimes so vivid and intense that it is difficulty to is 
tinguish them from sensations. Music is closely associated in 
some individuals* minds with colour. No sooner do they hear 
a note than a colour flashes into their minds. Different instru¬ 
ments have each different colours associated with them, and 
specific colours may attach themselves to music of different 
composers—Grieg’s music may be green, whereas Mendelssohn’s 
may be brown. All types of music have a coloured background, 
and in some cases there may be a delicate but continual changing 
of colour as the theme develops. Not only may music be 
coloured, but voices of friends and acquaintances may have 
colour attached to them, and in extreme cases the synaesthesia 
may extend to persons in fiction or history and even to abstract 


qualities. 

Vowels and consonants are frequently coloured, and so give 
to each word a corresponding hue. In some cases there exists 
a whole colour alphabet, with the letters changing in colour 
according to their sound. These are frequently in a definite 
spatial pattern. In addition, days of the week, months, and 
the seasons of the year may each have their characteristic 
colours attached to them. In one case met with lately, Monday 
is associated with pale pearly grey (sometimes silver), Tuesday 
with Prussian blue, Wednesday with light yellow, Thursday 
with brownish orange, Friday with bright bottle green, Saturday 
with pillar-box red, and Sunday with pale but brilliant gold. 

The reverse associations may also occur but rarely, by which 
colours suggest letters. Galton 1 quotes the facts of one strongly 


1 Enquiries into Human Faculty, p 110. 
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developed case. The individual could read various colours of 
wall-papers into different words and sounds, and conversely 
translated Galton’s own name into different colours. 

The associated light or colour is known as a photism, and 
in addition to these sound photisms, there also exist taste 
photisms, odour photisms, touch photisms, and pain photisms. 

The following facts in regard to synaesthesia seem to have 
been conclusively established. Synaesthesia is hereditary, and 
children who have been found to be coloured thinkers, have 
usually sisters or brothers or parents who similarly think in 
colours. Dr. M. E. Bickersteth, 1 on testing over 2000 children, 
finds well-marked sex differences; girls at every age show more 
highly developed coloured associations than boys. She also 
claims that social differences appear, and that in schools where 
every child comes from an educated home the percentage of 
coloured thinkers is higher. 

It is forty years since Galton drew attention to the character¬ 
istics of coloured thinking, and it was treated then, and is more 
or less still considered, as a phenomenon belonging to the region 
of abnormal psychology. This is a totally wrong view. The 
reason for the obscurity surrounding the whole question of 
coloured thinking may be traced, as one recent writer points 
out, to two causes. To those who are not seers (to use Galton’s 
term for the coloured thinker) this phenomenon is quite mean¬ 
ingless, and one which does not call for any serious investigation. 
On the other hand, coloured thinkers seldom realize that there 
is anything unusual in their colour associations, and therefore 
seldom speak of them, and it is rare for the members of the same 
familv to have a knowledge of each other’s psychochrotnes, as 
they are called. Individuality is one of the distinctive char¬ 
acteristics of all synaesthesias: coloured thinking, as Galton 
points out, may be considered as an individual idiosyncrasy. 

Synaesthesia, and in particular coloured hearing, is not a 
rare and exceptional phenomenon but is characteristic of many 
individuals. It is rare, however, to meet cases in which the 
series is complete and extensive. Rather, one individual may 
see only proper names coloured, a second the days of the week, 
a third the seasons, a fourth musical notes, and so on. Even 
when the same sounds are coloured, the colour scheme is not 

1 Unpublished Thesis on Psychochromasthesia, University Library, Edin¬ 
burgh. 
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necessarily the same for each individual, but the same colours 
are always used by the same individual, no matter what time 
elapses. Galton records a case where two years elapsed, and 
the second record communicated at the end of two years was 

exactly the same as the original report. 

Explanations of synaesthesia have been offered from two 
points of view. The first forms the physiological theory “ which 
regards an association between different brain centres as the 
basis of these pseudo-sensations.” 1 The psychological theory, 
on the other hand, ” regards synaesthesia as a persistent associa¬ 
tion, partly due to the peculiar idiosyncrasy of the individual, 
partly due to a predominant emotional tone.” 1 

The cases of synaesthesia occurring in members of the same 
family seem to favour the physiological explanation, but there 

can be little definite proof of either theory. 

Coloured associations can sometimes be traced to their 
source, as for example where children have learned the alphabet 
from some coloured sheet, and the fact that the alphabet often 
assumes the spatial form of a circle, supports this view, although 
this origin cannot be traced in every case. If this is so, such 
instances may be explained along the lines suggested in the 
preceding pages of this chapter as due to the process of complica¬ 
tion. An auditory stimulus arouses not only its own appropriate 
sensation, but excites, in addition, some other sense department 
with which it has become closely associated. In other words, 
synaesthesia may be explained as caused by the working of the 
representative factor. It must not be thought that the asso¬ 
ciated colour or sound or whatever it may be, is of the nature 
of a psychic fringe. It is much more detailed and definite than 
that, but doubtless the same factors are involved in both cases. 
Whether all cases of synaesthesia can be explained along such 
lines is still to be proved, but where the definite source of associa¬ 
tion can be traced, such an explanation seems wholly to fit the 
facts. 

Days of the week or months, etc., sometimes owe their 
colour to the colour of their initial letter. For example, Satur¬ 
day may appear red because S is associated with red. Or the 
colour associated may be the individual’s favourite colour, and 
it frequently makes an appearance. Dr. Bickersteth gives a 
very interesting explanation of coloured thinking in the Gaelic 


1 Baldwin’s Dictionary of Philosophy and Psychology , 
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district of Scotland, where the percentage of coloured thinks 

is very high. She traces, in many instances, the numerous 

colour associations to the use of colour terms in the Gaelic 

language. A gale of wind and rain is a “ stoirm dhearg ” a 

“ red storm,” and so the Gaelic child has the psychochrome 

44 r ^in red.” Dr. Bickersteth is further inclined to the view 

that environment has a strong influence on chromsesthesia. 

44 To the Skye child, August has not the usual associations with 

yellow, but with grey or black, for August is the rainy month 
in Skye.” 

Number-Forms. —This is a phenomenon closely analogous 
to that of synaesthesia. In this case, whenever a number is 
heard, or even thought of, a visual image of the number appears 
in space. Such images vary in vividness, but in certain cases 
they are extremely distinct. Perhaps one or two figures may 
appear only, but again a whole number-form may flash before 
the mind. Galton writes : “ Those who are able to visualize 
a numeral with a distinctness comparable to reality, and to 
behold it as if it were before the eyes, and not in some sort of 
dreamland, will define the direction in which it seems to lie, 
and the distance at which it appears to be.” 1 Each number 
has its own definite position in space, and in toto they range 
from simple projections outwards to more elaborate arrange¬ 
ments of circles and curves. In some cases they can best be 
represented as tri-dimensional. The number-form is generally 
constant in shape and increases with increase in concepts, as, 
for example, extending in one particular direction to accommo¬ 
date negative numbers. Sometimes the number-form is used 
for purposes of calculation, but whether it is always beneficial 
to its possessor is debatable. Galton reports one case in which 
the number-form appeared as a sliding rule which the owner 
could image very clearly, and by means of which he habitually 
worked out most complicated arithmetical calculations. 

In some cases, the number-form is either coloured as a whole, 
or coloured in parts, or each individual letter may have a colour 
of its own. The numbers may even be given personalities. 
One of the characteristics of number-forms is that they flash 
into the mind whenever a number is mentioned. Another is 
that they have been in existence as far back as the individual 
concerned can remember. They are not a late acquisition, and 
rarely can any insight be gained as to their origin. But here 

1 P 79, ibid. 
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leam as in coloured thinking, occasional number-forms have 
been traced, either to methods of learning numbers or perhaps, 
to the fact that certain positions in a street or locality have 
become definitely associated with a definite number-scheme, 
and now the numbers have become detached, as it were, r 
the Dlace and arrange themselves in a corresponding spatia 
oattern. ’ But undoubtedly the tendency to possess number- 
forms seems to be hereditary and, in fact, though it has been 
reoorted but seldom, the same number-form may be transmitted 
from one generation to another. Galton compares such ten¬ 
dencies to the instincts of animals. He conceives that if a 
spider were to visualize numbers, it would do so in web-shaped 

fashion, whereas a bee would do it in hexagons. 

The chief method used in the study of synaesthesia, including 

number-forms, is that of the questionnaire. A list of questions 
is drawn up such as: Do you think of letters as coloured in 
any way ? or days of the week ? or months ? Do you think 
of numbers as arranged in any particular way ? By having 
these answered by a large number of subjects definite quantita¬ 
tive and qualitative results can be obtained. 


Space Perception 

All objects perceived are perceived in perceptual space and 
time, or in a spatial and temporal order. In the meantime let 
us confine ourselves to the problems of space perception. In 
our perceptual experience of objects in the external world we 
apprehend these objects as of a certain shape and size, at a 
certain distance from one another and from us, in a certain 
direction from one another and from us. Let us suppose we 
are looking at some objects of the kind sometimes used as models 
in drawing lessons, say, a sphere, a triangular pyramid, a cube, 
and a square prism. They are situated in front of us about 
io feet away j the sphere is about 2 feet away from and to the 
left of the pyramid, the cube is beside, and to the right of the 
pyramid, the prism is in front of the line between the sphere 
and the pyramid, and rather nearer the former than the latter. 
Now we see, apparently at a glance, these solid objects, shaped 
as they are shaped, arranged in a concrete space in the way 
their arrangement has been described ; position, direction, dis¬ 
tance all apparently directly apprehended in our visual ex¬ 
perience of the situation. Turn to the sense data. These are 
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visual sensations, and apparently the only immediate sense 
datum of a spatial kind is the attribute of extensity which 
visual sensations possess. Hence, in some way we must have 
learned to see spatial relations and spatial order. It is the 
business of the psychologist to show how this learning has 
taken place, and in doing so he has to rely to a very considerable 
extent on the results of experimental study. 

Kinaesthetic sensations constitute the fundamental factor 
in the process of learning by which spatial order and spatial 
relations become definite. That is to say, sensations of move¬ 
ment define for us the relative positions of different points in 
that vague extensity, which is an attribute of cutaneous and 
visual sensations, as a result of which extensity becomes exten¬ 
sion, figure and magnitude are clearly defined, and relative 
position, distance, direction, are all clearly perceived. But the 
question at once suggests itself: what makes the points, to 
which our sensations of movement, as it were, attach them¬ 
selves, different in our experience ? The character by which 
one point is distinguished from another in a sensitive surface 
is called “ local sign,” a name first given by the German psy¬ 
chologist Lotze. Apparently, then, the development of our 
space perception can be briefly and generally described thus: 
The spatial content of our experience is given in that attribute 
of sensation, which, in the case of cutaneous and visual sensa¬ 
tions, we call extensity. Local signature marks off different 
points from one another. By means of movement the spatial 
relations of these points to one another become clear, and our 
spatial world is thereby defined. 

The first problem for the experimentalist arises in connection 
with local signature. Must this character, by which one point 
is distinguished from another, be regarded as innate—what is 
called a nativistic factor—or is it a product of development—a 
genetic factor—in our space perception ? It has been suggested 
that local signature is itself due to our experience of movement. 
The argument assumes its most cogent form in the case of vision. 
In that case there is a definite fixed point of clearest vision, the 
fovea. When an object stimulates any point in the marginal 
field there is a reflex tendency to move the eye so as to fixate 
the object, that is, so as to make its image fall on the fovea. 
Hence, it is said, the movement of the eyes necessary to bring 
an image from any point to the fovea will give a certain ex¬ 
perience mark to that point, in other words, its local sign. 
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An attempt may be made to answer this contention on an 
experimental basis. If local signature originates in '““toons 
of movement, then the sensitivity of an individual as reg 
eye movements ought to be of the same order as h^ discr.mina- 
tion of differences of position on the retina. We find itha t 
is not so The threshold for eye movement is high, the spatial 
threshold for the retina extraordinarily low. That is to say 
considerable movements of the eye may take place without our 
being conscious of any movement, whereas a very slight distance 
between two points of the retina stimulated is at once recog- 
nized. The discrepancy is so great that it is inconceivable that 
retinal signature could have been developed from sensa ions o 
movement, unless the sensitivity to eye movements were 
immeasurably greater at the time when local signature was 


developed than it is now. . 

The exoeriment may be performed in various ways, lhere 

are really ?wo separate points to be investigated. On the one 
hand the spatial threshold, as it is called, for vision must be 
determined, that is, the smallest distance apart at which two 
points can be seen as two. It has been found that this distance 
is an angular distance of about one minute. The method of 
determining the spatial threshold for cutaneous surfaces will 
be presently described. There is no difference in principle with 
respect to vision except that points of light, dots, or lines are 
used in place of a pair of compasses. On the other hand, we 
must also determine the sensitivity of our subject with respect 
to movements of the eye. This is done in a dark room, the 
subject fixating a point of light. It has been found that the 
eyes can be moved through considerable angles without any 
consciousness of movement. We might have been prepared 
for such a result, since we have already seen that sensations of 
movement in the limbs depend mainly on sensations in the 
joints, not on sensations in the muscles themselves, and there 

are no joints involved in eye movements. 

Th© Spatial Threshold. —When two blunt points of bone or 
vulcanite are applied simultaneously to the skin they may be 
apprehended as one point or as two points. The smallest dis¬ 
tance apart at which they are apprehended as two points is, 
as we have said, the spatial threshold. It is also known as the 
eesthesiometric index , the determination being usually made with 
the instrument known as an cesthesiometer. Of aesthesiometers 
many different types exist, the simplest being a pair of compasses 
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provided with an arc of metal with a scale engraved on it. The 
spatial threshold varies between wide limits for different parts 
0 ~ . body. On the tip of the tongue a distance of i mm is 
sufficient to give an experience of two points, whereas on the 
thigh the distance apart must be 68 mm. The procedure in deter¬ 
mining the threshold may be by either the Method of Limits 
or the Method of Right and Wrong Cases. Care must be taken 
to place the two points down simultaneously and with equal 
pressure. If the Method of Limits is employed a start should 
be made with a distance at which the points are clearly distin¬ 
guished. As the distance is diminished the subject will first 
experience two points separate, then two points apparently 
connected, then one elongated contact, and finally one clear 
point. The part of the cutaneous surface stimulated must, of 
course, be kept constant and also the line of direction of the 
points. Different thresholds are obtained, not only for different 
parts of the body, but also for the transverse and longitudinal 
directions respectively at one and the same place. 

The spatial threshold or aesthesiometric index was at one 
time claimed as an excellent test for fatigue. There is no doubt 
that fatigue does tend to raise it, but the conditions are so com¬ 
plex that little confidence can be placed in the test. The mere 
difficulty of an accurate determination of the spatial threshold, 
and the fact that elaborate precautions are necessary to secure 
an approximation to reliability in the results obtained, would 
rule it out as a practical fatigue test. 

If the application of the points to the skin is successive in 
place of simultaneous, there is a very considerable lowering 
of the threshold. Some experiments by Judd, the results of 
which were published in Philo sophi sc he Studien , 1 gave as the 
average threshold for five subjects 24 mm. with simultaneous 
stimulation, and 7 mm. with successive. The same experi¬ 
menter also determined the smallest line distance that can be 
distinguished. With one subject a line was experienced when 
the length was about 12 mm., but the length had to be increased 
to 32 mm. before its direction could be clearly recognized. 
When the line was made by a moving point, a distance of 7 mm. 
sufficed for the motion to be appreciated. 2 All the results are 
of course relative to the part of the cutaneous surface stimu¬ 
lated. 

1 Vol. xii., 1896, p. 409. 

* See Scripture, The New Psychology, p. 374 f. 
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t f flre obviously dependent on local signature, 

. A1 ' th “ e nature of local signs themselves remains 

though the e*ac nature men ^ al investig ation in the 

obscure. Anotner Kin f Q Kenlute localization of a 

same field is the investi ga io n experimenter stimulates 

with a blunt rod some point*m the skin , 1*“f ^ 1 There 

are several factors ™ bein „ used £or the experiment 

conditmns K th f a tendency to displace towards 

Sie margins! and also towards the wrist if the stimulus is given 

ato a^tendency to displace towards any well-marked {enures 
fn the landscape, so to speak, especially where visual imagery 
plays a prominent part in guiding the locahzaUon 

signature and movement sensations are adequate to explain 
our oerception of spatial relations in a space of two dimensions. 

It is P not clear however, that they are adequate to explain our 
nerceodon of depth or distance, that is, of the third dimension. 
Here ^aeain problems for experimental psychology have arisen. 

In* Uie* experience of the no P rmal individual the perception of 

depth occurs mainly in the sphere of vision. The^expernsnce 
of the coneenitally blind shows that it can also arise m t 
tactual sphere, but it remains true that for the normal mdividua 

vision is its main source. Moreover, it is binocular rather tha^ 

monocular vision to which we are c te Y ln e . , £ 

experience of the third dimension, though, as in the case 
tactual experience, a certain measure of depth perception is 
Dossible for monocular vision. We may begin, there! , y 

considering the perception of depth or distance in binocular 

* * 

When both eyes are used in vision we have obviously two 

retinal images, but under normal conditions perception of only 
one object. The two eyes, as it were, combine and they func¬ 
tion in the same way as a single eye would, if placed mid y 
between them, provided both eyes are of equal value for vision, 
or of equal efficiency. If the two eyes are not of equal va ue 
the position of the “ cyclopean eye is shifted towards the 
stronger or better. The phenomena can be illustrated by a 
very simple experiment. Let the reader with both eyes open 
point at some object in the room, and then, keeping the finger 
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i?,l h \ same . p0siti0n - close first one eye and t 

With the right eye closed he will find he is oointi 


eye and then the other 


closed eye The object is localised with reference to the median 
eye except in this last case, where it is localised with reference 


to the better eye. 


The fusion of two images can be produced by means of the 
stereoscope when the images are received from two separate 
objects. With some little practice the fusion may be obtained 
without the assistance of the stereoscope. Fusion takes place 
in this case, as in the case when a single object is looked at with 
both eyes, when the two images fall on the retinae in certain 
definite positions. In either retina there is a point correspond¬ 
ing to a point in the other retina, so that, if the two points are 
stimulated simultaneously, the two eyes function as one eye 
and but one point is seen. Such points are called corresponding 
or covering points. The surface which contains all the corre¬ 
sponding points, or rather the source points from which rays 
fall on the corresponding points of the two retinae in any given 
position of the eyes, is called the horopter. If rays of light fall 
on the retinae from any source outside of the horopter for the 
then position of the eyes, they fall on points which are not 
corresponding, but disparate , and ought, theoretically, to give 
rise to double vision. Hence at any moment we ought to have 
double vision for all points outside of the horopter. Practically 
we do not, because the double vision is subjectively suppressed. 

But it has been claimed, and experimentally it seems to be 
verified, that there may be slight disparation without any 
experience of double vision, suppressed or not, in which case 
we have a direct experience of depth or relief. In order to 
understand what happens in this case, it is necessary to consider 
a single point of fixation, and objects nearer or farther away 
than that point. If an object is either considerably nearer or 
considerably farther away than the fixation point, we have 
double vision of that object, owing to the fact that there is 
considerable disparation. But the two cases are different. In 
double vision one object is seen at each side of the fixation 
point. But if the double vision is of an object nearer than the 
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fiction Doint it is crossed, that is, uie image seen 
is that ol the left eye, the image to the left that of the right 
eve^* whereas/ if the object is farther away than the fixation 
Mint the double vision is uncrossed, that is the image seen 
to the right is that of the right eye, to the left that of the left 
1 Suppose, now, that the distance of the object from the 
olane of the fixation point is small, and the disparation, there 
fore slight, there is no double vision but the experience of 
relief or depth is given directly. According to one theory, that 
due to Hering, retinal disparation is an innate physiological 
factor on which our experience of depth or distance depends. 
Experiment seems to show that it is one factor. But it is by 

no m eans certain that this factor is innate. . , , 

Apart from retinal disparation altogether, it has been 

maintained that experience of distance and depth depends 
on sensations of the movements of the eyes in fixation of 
the object seen, converging or diverging movements, as the 
case may be. The fixating movements of the eyes are 

of considerable psychological interest. As we have already 
seen the two eyes function together. As Titchener re« 

marks: “ We know that we have two eyes, but we know it 
only ‘ by accident.* ” 1 The functioning together is due in part 
to the fact that they move together. They move up and down 
together, right and left together, and inwards together. I he 
co-ordination is probably connate; at any rate it is present 
at a very early age. If one eye is closed, and the forefinger 

placed on that*eye so as to feel the movement of the eyeball, 

it will be found that the closed eye moves with the other as the 
line of regard is changed from one point to another. The change 
of fixation from a near to a more distant point, or vice versa, 
is effected by movement of both eyes, and our sensations of 
movement might therefore serve as a basis for the perception 
of distance. It has already been shown that eye movements 
in the case of the adult are by no means prominent and definite 
factors in experience, and that our sensibility to eye movement is 
by no means acute. It is doubtful, therefore, whether we can 
account for the actual facts of our distance perception in this way. 
Moreover, it may be shown experimentally that distance per¬ 
ception is still possible when the possibility of eye movements 
has been eliminated by momentary exposure. 


1 Text-book of Experimental Psychology, vol. i., pt. i., p. 134 * 
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There is still another factor which enters into our experience 

of depth, relief, or distance. When the object fixated is at such 

a distance that the distance between the eyes is not negligibly 

small in comparison, the views of the object obtained by the 

two eyes are not quite similar, or the images are not identical. 

This, then, .may be an additional cue determining perception of 

depth. It is utilized in the case of stereoscopic pictures, which 

when combined by means of the stereoscope, give the appear¬ 
ance of solidity. 

As we have already indicated, a certain measure of depth 
perception is possible in monocular vision on the basis of the 
motor sensations involved in the alteration of the curvature of 
the lens. The eye may be likened to a camera. The retina 
represents the sensitive plate. But, whereas with the camera 
focussing is carried out by altering the distance between the 
lens and the plate, this distance is fixed for the eye, and focussing 
is done by altering the curvature, and, therefore, the focal length 
of the lens. This change in the curvature of the lens is effected 
by means of the contraction or relaxation of a muscle—the 
ciliary muscle. Up to a certain limit, therefore—the limit up 
to which there is a change in the curvature of the lens—we 
should expect on the basis of the sensations from this muscle 
to be able to perceive depth or distance in monocular vision. 
As a matter of fact we can, though very indefinitely. The 
motor sensations from the ciliary muscle are by no means 
distinct, unless for considerable differences of depth or distance. 
With experience and practice, no doubt, the judgment of dis¬ 
tance in this way may be greatly improved, but normally the 
sensations involved in accommodation cannot be regarded as of 
any very great importance, at all events for the adult. It 
ought also to be kept in mind that changes in accommodation 
are always accompanied by co-ordinated changes in fixation of 
the two eyes, so that binocular vision might be said to be 
involved, even in this case. 

A simple experiment to show the inadequacy of monocular 
accommodation for the perception of distance may be per¬ 
formed by letting the subject look with one eye through a wide 
blackened tube at a small bead suspended straight in front at 
a distance of about 14 inches, and then dropping balls, some¬ 
times nearer than this, sometimes farther away, so as to fall 
across the field of vision. If the subject is asked to say whether 
these balls are nearer or farther away than that fixated, the 
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inaccuracy of his estimate of distance under these conditions 
will become at once apparent. For accurate scientific study of 
m onocular perception of distance Hillebrand s appara us is, 
perhaps, the best. In this two dead-black screens can be 
moved in front of a circular aperture, one from each side, so 
that each covers half of the field. At any particular moment 
only one is in place, and the subject regards the edge passing 
through the middle of the field. Th<it screen is then move 
out and the other moved in. Both screens slide along rods, 
and the distance from the subject can be read on a scale. 

None of the factors we have considered can make any ap 
preciable difference to our experience of objects which are at a 
distance beyond 20 or 30 yards. Yet we estimate distances 
beyond that. In such cases our perception of distance depends 
mainly on other psychological factors of the kind we might call 
•* indirect.’* Differences in distinctness, size, light and shade, 
intervening objects, aerial perspective—these factors entering 
our perceptual experience as relational factors determine our 
estimation of distance under these circumstances where none of 
the factors we have been describing can influence our sensory 
experience. It is an interesting fact that these indirect psy¬ 
chological factors, when represented by a painter in his picture, 
exercise a much greater influence when the picture is regarded 
with one eye than when it is regarded with both eyes. Both 
eyes seem, as it were, to insist that the picture is a flat surface. 

The Localization of Sounds. —Some very interesting experi¬ 
mental work has been done on the localization of sounds. The 
special interest for the psychologist of such work lies in the fact 
that localization of sound is not localization in an auditory 
world, but localization in a visual or tactual world, whereas the 
localization of objects seen is in a visual world, and of touches 
in a tactual world. Auditory space is, in a sense, derivative or 
secondary. The reason for this, many psychologists would say, 
is that auditory sensations do not have the spatial attribute 
of extensity, so that the auditory world has itself no spatial 
content. On the other hand, it must be conceded that auditory 
sensations have the quasi-spatial attribute of voluminousness. 
But it is not, so to speak, within this voluminousness that sounds 
are localized ; the sound with its voluminousness is localized 
in the world outside, the world of touch, movement, and sight. 
Hence the problem of the localization of sounds is a new kind 
of problem in the field of space perception, different from the 

9 
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problem of the localization of an object seen or of a contact 
or pressure. uaiacc 

Sounds are localized with respect to direction and with 
respect to distance. The first is a function of binaural experi¬ 
ence, the second not necessarily so. The fact that we have 
two ears placed at a certain distance apart involves the possi¬ 
bility of what we may call auditory parallax. That is to say 
a sound will normally be heard differently in the two ears 
unless its source is symmetrically placed in relation to them* 
Hence a sound which is not made in the median plane of the 

® - or * n . sagittal plane, as this plane is usually designated 

when speaking of the localization of sounds—is generally located 
without much difficulty. 

There is, as a rule, considerable confusion regarding the 
localization of sounds in the sagittal plane. With complex 
noises, however, the confusion is not nearly so great as we some¬ 
times see stated. The best method for the study of the local¬ 
ization of sounds for direction is with the apparatus known as 
the sound perimeter. The essential part of this apparatus is a 
metal arm forming the arc of a circle, carrying at its end a 
telephone receiver. This arm can be moved in the horizontal 
plane, and in any plane perpendicular to it, so that the receiver 
is at a constant distance from the middle point of the line 
Joining the subject’s ears. Thus a click can be made in the 
telephone receiver—by breaking a primary circuit—at any 
point in the surface of a sphere, the centre of which is the middle 
point of the line joining the subject’s ears. We can study 
localization in the sagittal plane very simply with the sound 
perimeter by selecting, say, seven different points in that plane, 
separated by 45 0 from one another, and giving the stimulus 
ten times at each, the whole in haphazard order, the subject 
being asked to locate the sound each time. It will be found 
that the localization is moderately accurate in a fair proportion 
of the cases. Most subjects, however, show a curious tendency, 
either to locate behind sounds actually in front, and especially 
below the horizontal in front, or to locate in front sounds actu¬ 
ally behind. The first of these is, perhaps, the prevailing ten¬ 
dency, and it seems as if some subjects localize all sounds in the 
median plane, but not overhead, when the source of the sound 
cannot be seen, in some position behind (the eyes of the subject 
are, of course, closed). If a similar experiment be performed 
with sounds in the coronal plane—that is, the plane over the 
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head from right to left—it will be found that 

occur, and there is never any tendency to displace a sound fro 

one side to the other. . , _ j 

These results at once point to some difference in the s , 

as heard by the two ears, as the basis of our localization with 
respect to direction. All sounds except those in the sagittal 
plane will be nearer the one ear than the other, and hence 
anoarcntlv will give impressions of different intensities in the 
two ears. But mere difference of intensity will not ezpbin dj 
the facts. All sounds made in the sagittal plane give equal 
intensities in the two ears, so that it ought to be quite impossible 
to locate any sound in this plane, if difference of intensity in the 
two ears were the sole basis of localization. We have seen, 
however that there is some ability to localize sounds even 
the sagittal plane, and that sounds made above the head m 
this plane are usually correctly located. Hence, though in¬ 
tensity is certainly one factor, upon which the localization ot 
sounds depends, it is equally certain that it is not the only 


factor. . . . .. . 

If there are differences other than intensive m the impres¬ 
sions at the two ears, it comes to be an experimental problem 
to determine what these are. Another obvious difference in 
the impressions in the two ears of a sound outside the median 
plane will be a temporal difference ; the sound will arrive at the 
nearer ear first. The fact that we are able from the start, 
without interruption, to localize continuous uniform sounds 
would seem to show that this is not an important factor. It 
has also been suggested that there is a difference of quality in 
the sounds at the two ears. Such a difference of quality could 
only arise in the case of a complex sound like a noise or a clang, 
and it can be shown that our localization of pure tones is much 
less accurate than in either of these cases. The difference of 
quality might be produced in various ways. On the one hand, 
if the sound was produced so definitely on one side of the head 
that a ** sound shadow,” due to the head itself, affected one ear, 
the sound might come to the two ears with a qualitative, as 
well as an intensive difference, since the sound shadow would 
tend to be deficient in the components of high pitch and short 
wave-length. On the other hand, the shape of the external ear 
would tend to exercise a modifying influence of a similar kind on 
complex sound-waves according to the direction from which 
they arrived. This latter fact would also explain how many 
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subjects can frequently distinguish between sounds behind and 
sounds in front, even in the sagittal plane. 

Another very interesting difference, which might function 
as a factor influencing localization, is a phase difference at the 
two ears. If the two ears are not the same distance from the 
source of sound, the difference in distance may be such that 
the sound waves falling on the two ears are not in the same phase. 
For example, the rarefaction phase of the one wave might coin¬ 
cide with the condensation phase of the other. It has been 
shown experimentally that changes in the phase relations of 
tone stimuli reaching the two ears do produce changes in the 
apparent position of the source of sound. Thus the sound of a 
tuning fork can be led through a twice-bent tube to the two 
ears separately, and by means of a sliding piece in front slight 
alterations in the position of the fork, corresponding to phase 
differences at the two ears, may be made. Under these condi¬ 
tions it is found that the sound is localized within the head, but 
its position within the head changes with the phase differences 
at the two ears. The phenomena are complicated by the fact 
that there is bone conduction of sounds through the bones of 
the head from one ear to the other, and this consideration must 
also be taken into account in connection with the other pheno¬ 
mena we have just been discussing. Hence there is apparently 
more than a simple phase difference at the two ears to be taken 
account of; there is also a possible phase difference between 
two waves reaching the same ear, the one through the air, the 
other through the head. In this case there will be interference 
between the two series of waves—or, it may be, summation— 
involving an intensity difference in the sounds. It has been 
suggested, therefore, that phase difference affects localization 
indirectly by its influence on intensity. 1 Moreover, it has been 
argued that it is difficult to conceive how phase differences 
between the sound waves at the two ears can make any differ¬ 
ence in the excitation of the receptor cells for audition, upon 
which our sensations depend. Recently, however, it has been 
shown 2 that, in spite of the difficulty in conceiving the modus 
operandi, phase differences do determine localization, indepen¬ 
dently of intensity differences. 

All the factors, then, which can be shown experimentally 

1 See Myers, Text-book of Experimental Psychology , chap. xxi. 

* Bannister, in Brit. Joum. of Psych ., vol. xiii. 
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to influence our localization of sounds are: ( 1 ) differences of 
intensity at the two ears j ( 2 ) differences of a qualitative order 
due to {a) the sound shadow of the head, {&) the shape of the 
external ear; ( 3 ) differences of phase. The general findings 
from a qualitative study of the localization of sounds in the 
various planes are confirmed by quantitative study of the 
discrimination of differences of position. The threshold, for 
example, in front and behind, is much lower than opposite 
either ear. 

Our estimation of the distance of sounds is independent of 
the fact that we possess two ears. It depends, in general, 
however, on the same factors as determine our estimation of the 
direction of sounds, with the exception of the last. On the 
one hand, the intensity of a sound diminishes as the distance 
of its source increases. Provided the sound is a familiar one, 
therefore, with a familiar intensity, its loudness at any moment 
forms the basis of our estimation of its distance. But there 
are also criteria of a qualitative order. Distance produces a 
different result on low tones and high tones, on noises and 
tones, on consonants and vowels, and these differences serve 
as a basis for our estimation in the case of unfamiliar sounds. 
On account of the different effect of distance on. high tones and 
low tones, there is a change in the relative predominance of high 
and low overtones with changes in distance. 

The Perception or Time 

The problem of time perception must be distinguished from 
the wider problem of time estimation, which may be purely 
perceptual, but which may also involve factors belonging to 
higher mental levels than the perceptual. We are at present 
concerned only with perceptual time, with what has been called 
the “ time sense.” Two features of our sense experience offer 
themselves in explanation of our perceptual experience of time. 
On the one hand, there is the attribute of protensity or duration 
belonging to all sensation. On the other hand, there is the 
experience of change or transition. The two factors operating 
together give us our immediate experience of a time continuum! 
Of course, explicit consciousness of duration as duration, or of 
transition as transition, belongs, not to perceptual, but to con¬ 
ceptual intelligence. Nevertheless, we have experience both of 

duration and of change, even when we have definite cognition 
of neither as separable aspects. 
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Any sense stimulus involves a series of changes in our ex¬ 
perience. Consider a visual stimulus. Apart from the period 
of latency, which is not experienced, a period of time elapses 
between the first consciousness and full consciousness. After 
the stimulus is withdrawn there is a period of fading away of 
consciousness, and there may be more than one succeeding 
phase of consciousness in the shape of after-sensations. Each 
phase also, so far as it is experienced, has an aspect of protensity 
or duration. Our perceptual experience of time, then, in its 
simplest terms, rests on these two features of our sense experi¬ 
ence : on the one hand, the experience of changing phases, on 
the other hand, the attribute of protensity. 

The Sensory Present. —The present moment is determined 

and defined for us by the sensory experience we are now having. 
This present, however, is not a point of time, but a duration. 
It represents a time interval. The specious or sensory present, 
as it has been called, is longer or shorter according to circum- 
stances, and the various conditions upon which its length 
depends can be experimentally studied. It depends on the 
nature of the sense experience itself, on the relative ease or 
difficulty with which attention is maintained, on the condition 
of the organism brought about by fatigue, drugs, etc. So long 
as an interval of time falls within the sensory present, we have 
an immediate impression of it, and can estimate or reproduce 
it with a relatively high degree of accuracy. The sensory 
present may extend up to about four seconds with an effort 
of attention. Beyond a certain limit, however, an interval of 
time between two stimuli no longer gives a unitary impression ; 
the interval breaks up into its component parts, and is only 
held together as a whole conceptually. 

The immediate impression of a time interval between two 
stimuli is considerably modified by the nature of the stimuli, 
and the same interval may appear longer or shorter according 
as it is bounded by auditory or visual stimuli. With any par¬ 
ticular type of sense stimulus there is always a definite interval 
which has a peculiarly “ satisfying ” character. For example, 
when two momentary sounds are separated by about half a 
second—more accurately *55 second—the interval has this char¬ 
acter. This “ satisfyingness ” is clearly related to the full 
development of the series of changes involved in a sensory 
stimulus, to which we have already alluded. 

A time interval between two stimuli which is occupied by 
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other stimuli, that is, a 44 filled ” interval, seems longer than an 
equal interval, which is not occupied by other stimuli, or is 
“ empty.’* This is markedly the case where the stimuli are 
tactual. The phenomenon is analogous to the illusion of 
“ filled and empty spaces,” which we discussed in a preceding 
section. It appears to be due partly to the impeding of atten¬ 
tion, and partly to the fact that the impressions filling the inter¬ 
val tend to interfere with each other’s development. No inter¬ 
val, however, can be empty. There are always organic changes 
going on in the living body, and various organic rhythms, as, for 
example, in respiration or in the heart-beat, may constitute the 
basis of our estimation of the duration of a time interval. It is 


also characteristic of unpractised subjects, when estimating 

time intervals, to base their estimate on their own filling of the 

intervals with voluntary movements of various kinds. For 

example, they may “ beat time ” with hand, or foot, or head. 

As subjects become practised these aids to estimation tend to 

disappear, the more expert subjects feeling that they are a 
hindrance rather than a help. 

The experimental study of the 44 time sense ” may proceed 
by various methods, but the methods all belong to one or other 
of two types. They are either methods in which the subject 
is asked to reproduce a time interval, which is the type of method 
specially applicable to the study of rhythm ; or they are methods 
in which the subject is required to compare intervals, which is 
the type of method upon which the most exact quantitative 
study depends. Under laboratory conditions the standard time 
interval in the first, and both intervals in the second, are usually 
given by means of a 4 time wheel.” In this apparatus a pointer 
is rotated at a constant, known rate round a circle graduated in 
degrees. Contacts are placed at any points on the circum¬ 
ference, and a sounder or sound hammer in the circuit is thn« 
caused to give a sound whenever the pointer passes one of these 
contacts. The sounds mark the limits of the interval or intervals 
with which we are working. It is obvious that if the pointer 
makes a complete revolution in 9 seconds, we can get an interval 

° f t ,’ sec t ond ^ p £ ci " g contacts 40° apart, and so also of 
other intervals. If the subject is asked to reproduce an interval 

we arrange so that both the standard interval and its reproduc¬ 
tion are recorded on a smoked drum. Where the subiect i< 
asked to compare two intervals, we may either make the ter 
minal sound of the one the initial sound of the other, or we ma- 
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interpose a pause of any desired length, within limits deter* 
mined by the time of a complete revolution, between the inter¬ 
vals. This last arrangement enables us to study the effects of 
varying lengths of pauses. With relatively long pauses it may 
be convenient to use some method other than the “ time wheel ” 
for giving the intervals. 

Our estimate of an interval within the sensory present is, 
apparently, subject to the general law that we overestimate 
short intervals and underestimate long intervals. The point at 
which we change from overestimation to underestimation may 
be called the “ indifference point.” At this point our estima¬ 
tion tends to be very accurate. The point has been found to 
vary slightly with different individuals, but it may generally 
be taken as lying between *7 and *8 second. Some investigators 
have found that odd multiples of this interval show also a high 
degree of accuracy of estimation. 

Our sense of the lapse of longer intervals of time depends 
on complex and somewhat obscure conditions, but need not 
involve ideal representation, so long as the interval is not 
represented, or thought of, as a unity. In order to account 
for the facts we must assume, as Stout puts it, that “a succes¬ 
sion of different experiences, or the duration of the same experi¬ 
ence, produces a cumulative effect varying with lapse of time.” 1 
Within the sensory present this cumulative effect may easily be 
explained as a result of attention itself. But measurement of 
estimation of the lapse of time, approximately accurate, is by 
no means confined to periods within the sensory present, or even 
to periods of highly attentive consciousness. In such cases 
we must assume a cumulative effect of obscure organic changes, 
which never enter cle ir consciousness at all. There are other 
cases in which we must assume a cumulative effect, dependent 
perhaps partly on these same organic changes, and partly also 
on interest and attention, but the exact nature of this cumula¬ 
tive effect has never been clearly defined. 

The part which affective factors play in our estimation of 

the lapse of time is well known. An hour may seem short or 
long according to the manner in which it has been spent, and the 
extent to which agreeable or disagreeable interest has been in¬ 
volved. Stout also calls attention to the interesting fact that 
a period of time, which seemed short in passing, may appear 

1 Manual, p 402, 2nd Edition. 
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1 • f.tmsnffct owing to the many interesting events 

long in the retr05 P e "’ ° hi | henome non is one involving ideal 

representation, and, therefore, outside the limits ot our p 
di5C WHh 0n respect to the comparison 

co y mplex USe ^e m -ults e ofinv^tion have been concisely 

i, allowed to make ^l**^*^ wheTSe given 

and'" «Ihe'intend which he has to 

reproduce 15 ' n ^“* d *‘f e J t a e r which it again declines.” 1 In 

rtfsecoWace when a' pause is interposed equal to the first 
interval,"it stems’ longer thL that interval -dtends hereore 

to affect the estimate of the second mtenraL In the third place 
an unexpectedly long or short pause affects the attitude of t 
subject in such a way as to influence the estimation of the 
second interval. The phenomena involved in co ™P“"ng two 
intervals with or without an intervening pause, are striking y 

similar to those occurring in the estimation of hft^ ^ght^ 

in the estimation, and the interposition of a pause naturally 
increases the tendency to the occurrence of these P henot "ena. 

Rhythm. —The apprehension or maintenance of a rhythm 
evidently depends on the perception of short time intervals, 
and the appreciation of regularity in such intervals. In t 
case of rhythm, however, the principles of the Gestalt-psycho ogy 
once more apply. We have perception of a form or whole 
which cannot be entirely explained on the basis of the sense 
data. Evidence is not far to seek. Apart from any objective 
accentuation, there is always a tendency for regularly repeated 
impressions, so long as the interval between them falls within 
the sensory present, to arrange themselves in regular rhythmical 
scries The beats of a metronome, for example, arrange them¬ 
selves in twos or fours. When the rhythm is established, the 
first member of e«ich group becomes ciccentuEted, &nd seems to 
be louder than the others, while the immediately succeeding 
interval appears also longer. Precisely the same effect is pro¬ 
duced by objective accentuation, but objective accentuation is 


1 Textbook of Experimental Psychology , ch&p* xxiii, p« 3 ^^* 
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not necessary. Moreover, the metronome beats can, at will, be 
grouped in twos, threes, or fours, the whole “ forms ” being 
modified as a result. Fives are much more difficult to main¬ 
tain, and larger groups break themselves up, but this is a function 
of the span of apprehension. 

The accuracy with which a rhythm can be maintained 
depends on the individual, on practice, and on the length of the 
interval between successive impressions. There is not a great 
deal of experimental evidence, and this whole field requires to 
be worked over, but the maintenance or reproduction of rhythm 
appears generally to be most accurate when the interval is 7 
second—-the indifference point—and with more rapid rates the 
reproduction tends to be still more rapid, with slower rates still 

slower. 


CHAPTER VII 


ATTENTION 

T HE thoughts and ideas and sensations which we experi¬ 
ence have been compared to a stream of consciousness. 
The stream flows incessantly and continuously, and 
only few of its contents can be separately experienced. The 
other elements are outwith clear consciousness, and, though 
experienced, are not separated out as single differentiated 
elements, but form part of the total sensory mass which 
assails us at every moment. Consider for a moment a simple 
example. We are sitting reading by the fire, attending to a 
story as it unfolds itself. We have become so engrossed in 
our book that we are totally unaware of the sensations of heat 
from the fire, of the crackling of the flames as they leap up and 
down, of the ticking of the clock, of the movements of our eyes, 
of the tactual sensations from our clothes, and of the kinaes- 
thetic sensations from the various muscles of our body. And 
yet all these sensations are contributing to our total experience 
and if one of them were absent or altered, our total experience 
would not be the same. These experiences which we do not 
clearly apprehend we may designate as existing in the margin 
of consciousness. The story on which our attention is riveted, 
and of which we are directly aware commands the focus of con¬ 
sciousness. Every state of attention may be considered in this 
way. Objects are continually passing from the margin to the 
focus, and from the focus to the margin. What was clear at 
one moment is dim the next, and what was but dimly noticed 
-—if at all—becomes distinct. It may be asked, how do we 
now there are elements in the margin, if we are not aware of 
them? The obvious answer is, that if one of the elements 
ceased to yield its contribution, we should immediately observe 
a change. We are all aware of the sudden void which makes 
itself felt whenever the ticking of the clock ceases, although we 
had not attentively heard it before. We had grown accustomed 
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l°*> an ?’ t0 ex P ress th * matter paradoxically, we only became 
are of its existence when it ceased to exist. Similarly the 

which is deafening to the unaccustomed, while the roar of the 
train becomes non-existent for the traveller. Yet if these re 
spective noises abruptly stopped, a difference in the total ex- 
penence of each would be inevitable. All marginal experiences 
may be considered as contributing a large share to our daily 
lives. They are ready at any moment to enter into conscious¬ 
ly ^ T we ^ an hear the ticks of the clock if we listen for them— 
but they do not enter consciousness until required. The mind 

to a certain degree, but not exclusively, selects out those ele- 

ments which are to form the focus. If considered from this 

viewpoint, we may define attention as the selective activity of 
consciousness. J 


ness 


The number of objects which can exist simultaneously in 
the focus of consciousness has been submitted to experimental 
investigation. The general opinion is that we can attend only 
to one object at one time. But this statement requires qualifica¬ 
tion ; for an object may be of two kinds, either simple or com¬ 
plex. We regard a house as a unit, and as a single object; yet 
it consists of an infinite number of parts, windows, doors 
chimneys, etc., each in themselves units. The “ singleness ” 
of the object, therefore, varies according to the purpose in hand. 
An object may be one single thing or it may be a number of 
things grouped together and regarded as a single object. 

The method usually employed in this investigation is very 
similar in essence to a popular parlour game, and consists in 
the momentary exposure of a number of objects—dots, lines, 
letters, or colours. The time of exposure is very short, ranging 
from yuv to £ of a second, so that eye-movements cannot take 
place, and in consequence the counting of the number of objects 
seen is^ avoided. The greatest number of items which can be 
recognized in such an instantaneous flash is 4 or 5. This is 
known as the span of attention, or the span of apprehension. 
It is interesting to find that instead of five separate letters, 
five short words can be recognized, and if the dots are arranged 
in groups, the same number of groups as individual dots can be 
discriminated. It is as easy to distinguish five pairs of lines 
as five separate lines. It will be evident that this power of 
apprehension will increase with age and practice; not that the 
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span of apprehension will increase, but that the units may 
become more and more complex^ are appre hended 

successively rather than simultaneously. If a n 
sounds, for example, the beats of a metronome are heard one 

anorehend as many as 8 at a time. “ If one group (the first 
member of which is accentuated by a bell) consists of eight 
tops, while another group (similarly accented) consists of seven 

group from the other; but beyond groups of eight taps, his 

^^e'xpTanationhas' been offered that what we do really 
perceive is a complex unit, and that the elements which con- 
stitute the complex are recognized later by a process of ana ysis. 
When the stimulus has ceased to affect the sense organs, 
memory image or an after-image remains of the impression and 
it has been suggested that the analysis of the complex into its 
units takes place after the withdrawal of the physical stimulus, 
and that each separate element is singled out by the attention 
being directed particularly to it. The counting of the dots or 
the lines, or the recognition of the letters, is earned out after 
they have ceased to be exposed. One investigator measured 
the duration of the memory image of a number of individuals, 
and his conclusions pointed to the fact that those whose 
memory image persisted for a long time after the ongina 
stimulus had been withdrawn, had a large span of apprehen- 
sion. There seems, then, to be some truth in the assertion that 
the span of apprehension depends upon the memory image. 

Fluctoation o! Attentions.—Closely related to this problem 
is the question of the length of time we can attend continu¬ 
ously to a single object in consciousness. We talk of attend¬ 
ing to a task for days on end, or for months, but that the 
attention is not steady or concentrated throughout is a matter 
of common knowledge. Even when we study a single proposi¬ 
tion for a short time, we cannot say that our attention has 
been fixed upon it throughout, for now one aspect, now an¬ 
other has diverted our attention into different channels, 
fluctuations occur is undoubted, but to measure these fluctu 

. * « • n • 1 • or* 1 1 



form 


1 Myers, Experimental Psychology, pt. i., p. 322. 
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. ,s P° t 3slble ' however, to measure these changes in the 
attention, if very weak stimuli are employed. The ticking of 

a watch provides an excellent illustration. The watch is held 
at such a distance from the observer that the ticking is barelv 
audible—he can just hear it and no more, and although he 
listens attentively he will find that the sound is not conftant 
but comes and goes. This alternation of appearance and 
disappearance occurs at approximately regular intervals. If 
the subject lifts his pencil when he hears the sound, and lowers 
it when it becomes inaudible, the experimenter is able to record 
the number of fluctuations which have taken place within a 
given period of time, for example, one minute. It will be 
found generally that the attention fluctuates every n or 6 
seconds, although records have been noted of a Vuctuation 
only 3 seconds in duration—the shortest observed—the longest 
on record being 25 seconds. The period, of course, varies with 
the individual, and with the prevailing conditions of the ex¬ 
periment. A room where absolute quietness prevails is essential. 

The same phenomenon can be observed with a very faint 
touch, and with a faint visual stimulus. For vision, a rotating 
disc gives the best results. A white disc with an interrupted 
black line drawn along one of its radii is most satisfactory. 1 
When the disc is rotated, each separate portion of the black 
line mixes with the white of the disc so that the entire surface 
presents the appearance of a number of grey rings, each ring 
growing whiter and whiter (because of the greater admixture 
of white) as the edge of the disc is approached. The observer, 
with head steady in head-rest, fixates the faintest grey band he 
can distinguish, and, as in the case of the auditory stimulus, 
notes the fluctuations which occur. After a little practice, the 
subject is able to record these fluctuations by pressing a rubber 
bulb when the grey disappears, and relaxing the pressure at its 
reappearance. The bulb is connected with a tambour whose 
lever traces out the fluctuations on a kymograph, or smoked 
drum. 2 A second lever immediately below the lever of the 
tambour records the time. After one # revolution of the drum, 
the subject should be rested, as fatigue sets in very quickly. 
An introspective account from the subject will prove of con- 


1 This is known as the Masson disc. This disc should have a diameter of 
20 cms. The black line should be 5 mms. broad, the interrupted black pieces 
5 mms. in length, the white spaces between 5 mmg in length. (See Fig. 11). 
* Or a Reaction Key may be used. 
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necessary 


The subject’s introspection 


siderable value. Ten such trials a 
any valid result can be obtained. 

can be written between the trials. . . e — 

These fluctuations of attention have reived Mwt « 

planations from various investigators. It's con y h 

CtT and central theories, which attribute the cause to the 



Fig. 11.—Masson Disc. 


(jgfYQQg centres. It has been suggested that in vision, for ex* 
ample, the fluctuations are caused by some muscle which peri¬ 
odically decreases the clearness of the object in the fovea.^ This 
has been attributed to the ciliary muscles as fatigue sets in; on 
this fatigue with subsequent recovery are said to depend the 
fluctuations of attention. That is, the accommodation muscles 
have been suggested as the predisposing cause. But these 
muscles have been found to be unnecessary in the effecting of 
such a condition, for fluctuations have continued after the 
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muscles have been paralysed by homatropine. Nor can in 
constantly stimulated, serve as an XquaU explanation nv 

PCripheral 

The central theories justify their claims by accounting for the 
don U s rr orrnr° f ; the P hen . omenon in various other fields. Fluctua- 

and negative after-images in vision. The same phenomenon Is 
observed when two colours are viewed which do not blend and 

fW °£ e Predominates, and now the other. The attention 
fluctuates between the two. Further, a geometrical figure with 
an ambiguous perspective fluctuates at seemingly regular 

JJ?u Cr ^ a S> a ^ ernatln g between the concave and the convex. 

1 if flu £ tuatlon has been explained by fatigue of the corticai 
cells. But what causes the regularity of the fluctuations? 

borne assert that the cardiac and respiratory movements are 
the predisposing causes, but no valid proof has been obtained 
and the results of the same experiments seem to negative the 
assumption, showing both pulse and respiration to be alike 
independent. Some physiologists assert that they may be con¬ 
nected with the Traube-Hering waves, caused by the rhythmical 
contraction and relaxation of the muscles in the walls of the 
arteries. These Traube-Hering waves run through a complete 
cycle in from 6 to 15 seconds, but in a time of mental strain, 
as during the period of concentration required to mark the 
fluctuations, their rate is kept pretty constantly at the shorter 
period. This corresponds very closely to the time given by 
most investigators as the average length of the attention wave.” * 
The period of the waves can be measured by the plethysmo- 
graph which registers the increase or decrease of the volume of 

the arm. 


arm 

Division of Attention. —It is no uncommon thing for in¬ 
dividuals to report that they can attend to two tasks simul¬ 
taneously. Their attention appears to be comprehensive 
enough to embrace the successful carrying out of two disparate 
activities. The study of the problem by means of a simple 

1 Pillsbury, Attention, p. 75. 
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experiment throws much^light upon* th^probable 

oUheTlphabet, repeating the series until one minute has elapsed 

Count the number of letters written down. Now add aloud 3 J» 

each number, beginning with I, e.g. I, 4 , 7 , j°> •>.. 

minute and record the highest score obtained. Finally, per 
form these two tasks simultaneously for one minute andl notice 
the results. There will be apparent a failure to divide die 

attention equally between the two tasks, and, in conseq , 
the two tasks are badly carried out. There is a ‘ e 
during such an experiment, for the attention to oscillate between 

the two activities; it is rare, indeed, for them to e earn 
coniointly. If this latter does occur, it means that the one 
nrocess has become automatic for the time being, and can be 
carried on mechanically without the active interruption of 
consciousness. This explanation accounts for many of the so- 
called cases of attention to two different activities, such as 
knitting and reading at the one time: the former has become 
so automatic that all the attention can be directed to the latter, 
and attention is only required for the former at intervals when 
some special problem presents itself, such as a dropped stitch. 
Divided attention, therefore, is, strictly speaking, an impossi¬ 
bility, and the power, reported of some historic personages, of 
being able to dictate four letters while writing a fifth is due to 

rapid oscillation of the attention. 

Distraction. —The effect of distraction upon attention is of 
considerable interest. The lay mind immediately classifies dis¬ 
traction as one of the conditions causing bad workmanship and 
inducing lack of concentration of attention. As Hollingworth 
expresses it, “ Evidence could be adduced of the disturbing 
effects upon efficient work of an aching corn, an itching nose, 
an ill-fitting collar, a broken finger-nail, the hum of conversa¬ 
tion, or the rattle of a typewriter.” 1 

But experimental evidence yields conflicting results. In 

some cases the distraction is deleterious, in others, however, 
the paradoxical result is obtained that better work is per¬ 
formed during distracting influences. If we ask an individual 
to cross out all the a's and e's in a page of print as quickly as 
he can for a quarter of an hour, and then to repeat the experi¬ 
ment under distracting conditions, subjecting his left hand to 
electric shocks, or causing distracting sounds in his neighbour- 

1 Applied Psychology, p. 131. 
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hood, we shall find in all probability that the distraction seems 
to have increased his output. From this viewpoint, the dis¬ 
traction may be considered as an incentive leading to increased 
attention to the task; the individual, as it were, “ rises to the 
occasion ” and draws upon his reserve energy, or, to express it 
in a different way, his pugnacious instinct is challenged and 
must respond. This result of increased output seems analogous 
to the law of dynamo-genesis. The same phenomenon seems to 
be at work as when a beam of light falls on the eye when the 
knee is struck a light blow. The combined stimuli cause the 
knee jerk or reflex to increase in violence. Similarly, the 
distracting influence may issue in better work. 

The effect of distraction on different individuals is a very 
varied one. In some cases it is impossible for certain people 
to overcome disturbances in their environment, the least noise 
or sound of voices being sufficient to draw away their attention 
from the task in hand. For others, the converse appears to 
hold true. Absolute quietness, for this second class, lacks the 
necessary incentive for work. The writer is acquainted with 
one student who finds home too quiet for study and who prefers, 
instead, the subdued hum of a reading-room. 

If the distraction is slight and continuous, accommodation 
will soon set in with possibly no detrimental result to the 
organism. If, on the other hand, the distraction is violent in 
character and occurs irregularly, it may result in increased 
attention, but what does that attention involve ? It involves 
additional expenditure of energy on the part of the organism 
to overcome the distraction, thereby inducing an acceleration 
of the onset of fatigue, cumulatively at least. This entire 
problem requires further experimentation before definite con¬ 
clusions can be drawn, and before a decision can be made as to 
the precise meaning of the various phenomena. 

Expectant Attention. —We shall find when we come to dis¬ 
cuss reaction time 1 that the direction of the attention causes 
a difference in the length of the time of the reaction, and we 
shall observe that when the attention is concentrated on the 
response, the time of reaction is considerably shorter than when 
the attention is directed on the stimulus. This is an instance 
of expectant attention. The mind is prepared beforehand to 
receive the expected stimulus, and in consequence the reaction 
takes place almost instantaneously. 

*Cf. p.158. 
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This phenomenon is a familiar one of everyday life. What 
we are expecting tends to take place. “ When watching for 
the clock to strike, our mind is so filled with its image that at 
every moment we hear the longed-for or dreaded sound. So of 
an awaited footstep. Every stir in the wood is for the hunter 
his game; for the fugitive his pursuers.” 1 The interpretation 
varies according to the idea in the mind which is already half- 
prepared for the presentation, and only requires the presence 
of a stimulus to develop it into an actual sensation. In seeking 
for a book in a book-shelf, one unacquainted with the book 
takes considerably longer than one familiar with it, the reason 
being obviously that the latter has a definite image of the 
required article in his mind, which considerably facilitates his 
search. The same phenomenon is seen in the case of puzzle 
pictures. The one phase of such a picture so holds the mind 
that it inhibits the entry into consciousness of the hidden 
picture, and this latter becomes difficult to decipher. But 
once the puzzle has been solved, it is remarkable how easy it 
is to locate what was once so difficult, and one wonders how it 
is that it was unnoticed for so long. The simplicity is now 
explained by the fact that we know definitely what to look for. 

One other point demands consideration in regard to exnee- 
tant attention. If two stimuli are presented simultaneous^ 
o two different sense organs, they are not experienced at the 
same time. If the stimuli are light and sound respectively the 
sound is always heard before the visual sensation is experienced 
This is partly due to the longer latent time of all visual sensa- 
tions But the time order is also affected by the direction of 

ten e d:rb^xperie:LdThe ti fi 0 rst WhiCh 

„ This result can be obtained by using what is known as a 
complication clock.” This consists of a large clock-face over 
which moves a large index hand. At one point in its course a 
e rings. The subject is asked to observe the position of the 

thC b , elL “ the sub i ect concentrates on 

cne result is a positive time displacement. If on the nt-hei 
and, the ringing of the bell forms the focus of attention it is 

dhfn£ S ? n ' a " d a negative time displacement occurs ' The 
displacement vanes according to the practice of the subject! 


James, Text-book of Psycho logy % p. 235. 
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and the speed of rotation and size of the index hand. Rapid 
speeds tend to facilitate great positive time displacements, slow 
are more liable to give rise to negative time displacements, and 
between these two an indifference point can be obtained at 
which no displacement occurs. 

Conditions of Attention. —The conditions of attention ,may 
be conveniently divided into two main groups, which may be 
designated as subjective and objective respectively; in the 
former case, attention is determined by our interests and dis¬ 
positions and prevailing tendencies; in the latter case it is 
wholly determined by some external factor in the stimulus 
itself. Treated from the biological point of view, attention is 
regarded as the adjustment of an organism to its environment. 
“ What actually happens is, that an organism adjusts its bodily 
and mental attitudes so as to be in the most adequate relation 
with significant stimuli in its environment; and when this occurs 
on the conscious level of behaviour, we say that the organism 
“ attends to ” these stimuli; that the object is “ interesting ” to 
the creature . . . and what essentially is an “ interest ” but the 
readiness to function of an inner disposition, a tendency, a 
wish ? ” 1 Our prevailing dispositions, our moods, our instincts, 
are all effective in determining the direction of our attention. 

The objective conditions depend on external factors, and 
attract the organism through the sense organs. Any object 
by reason of its intensity alone may force itself into conscious¬ 
ness, as, for example, a very loud sound, a bright light, or an 
obnoxious odour. The brute force of the stimulus is sufficient 
to attract the attention, even, it may be, against the volition of 
the individual. With a weak stimulus, a change in intensity 
may serve the same purpose. “ The noise of the train upon 
which we are riding passes unnoticed after a short interval, 
while the whirl of the train which passes on the parallel line, 
although it does not add very greatly to the din, will be noticed 
at once.” 2 A negative change may cause the same effect. A 
sound passes unheard until it suddenly stops, and its cessation at¬ 
tracts attention, as, for example, the ticking of a clock. Further, 
a weak stimulus may pass unheard, but by summation effect 
alone it becomes efficacious and thrusts its way into conscious¬ 
ness. A faint tap fails to attract notice, but if repeated 
a number of times, it by its persistency alone attracts the 

1 S. S. Brierley, An Introduction to Psychology , p- 55 * 

8 Pillsbury, Attention , p. 28. 
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attention. This is strikingly seen when a person is absorbed 
in reading, and only responds to the calling of his name after 
it has been repeated two or three times. 

Anything unexpected or novel attracts the attention, and 
the advertiser who inserts his notice upside down is aware of this 
law. A movement in the field of vision is sufficient to draw 
attention to an object which otherwise would have escaped 
observation. Further, an object by its bigness or extensiveness 
is more likely to attract attention than one of smaller bulk. 

Apperception. —Apperception is influenced by the dominant 
interest of the individual. We have all had the experience of 
reading a word in a page of print and then fruitlessly endeavour¬ 
ing to locate it. In proof-reading the author is a bad corrector 
of his own efforts, for he does not read the words as they 
are, but reads them as they should appear ; for this reason he 
passes over many printer’s errors, and in consequence one un¬ 
acquainted with the text is more reliable for the simple reason 
that he reads the actual words as they are printed. 

To a geologist the stones by the wayside have an appeal 
which does not exist for the mind of the uninitiated. The 
former can fit them into his pre-existing system of knowledge. 
A sunset to one may cause no alteration of the emotions ; from 
another it will bring forth exclamations of delight. 

Seashore 1 suggests a rather interesting and simple experi¬ 
ment which brings out this point with excellent clearness. 

^ a e a large blot of ink on a sheet of clean white paper • cover 
it with a second sheet to make the blot irregular. Make other 

. wo s ? c ^ °* s in the same way. Then ask a number of subjects 

ll !' r ! t Au°!'?u What the three blots represent. It is interesting 
to note that the interpretations vary according to the interests 

rif nd D Cent c , xperiences of individual, and rarely are 
® ‘ k f e -.. But eac h observer is able to understand the other’s 
interpretation once it has been indicated. 

l A n a PP ara tus used in connection with the span of appre- 
apperc"Dti S on Pr °A d rV nter t Sting material for investigations into 

is - an / ° nce the ^ SS 

of exposin'* a n k 1S e fP° sed momentarily to view. Instead 
P g a number of dots, letters, etc., as we should do if 


1 Elementary 
chap. xiv. 


Experiment m Psychology, pp 144.5, See also 
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toting for the span of apprehension, one long word is exposed 

familiar in form with some well-known word, yet not Quite 
identical as regards individual letters, for example, extravaganza 
The subject catches a glimpse of the word as it is revealed in 
momentary exposure, and hazards a guess at it. It will be found 
that on the basis of the results obtained the subjects can h<* 
divided into two types—what may be called, on the one hand 
the fixed type, and on the other hand, the fluctuating type. The 
fixed type gives a whole word to begin with (e.g. extravagance) 
and then corrects it gradually; the fluctuating type gives the 
beginning or the end of the word only, and builds it up by 
degrees. The fact that a word is not read by analysing it into 
its components, but that we recognize it from the general im¬ 
pression it makes on our sense-organs, goes far to explain many 
of the errors made by children in reading. That a child will 
mistake one word for another is a source of irritating wonder to 
the teacher, but such reading or apperception experiments 
provide the clue. Further, it is only by such methods that any 
speed in reading can be obtained, for if we were to analyse each 
word, our reading would be a laborious process. 

Motor Accompaniments of Attention.— That each state of 


attention is accompanied by certain motor phenomena is well 
recognized. In hearing, for example, the sense organ is attuned 
to the reception of the stimulus, the whole body is te ns e, and 
changes in the circulation and respiration take place. To in* 
vestigate changes in respiration a pneumograph (see Chapter 
XI) is so fixed that the lever of the tambour connected 
with it records on a travelling smoked drum. The time 
is marked by means of a second lever immediately below it. 
Allow the normal breathing of the subject to be recorded for 
two minutes, then with eyes closed give the subject an arith¬ 
metical problem to work out mentally, such as four digits 
multiplied by four digits. The difference in breathing is very 
perceptible during this concentrated attention, and it is interest¬ 
ing to watch its return to normal again. Concentrated atten¬ 
tion makes the respiration shallower and more rapid. Some¬ 
times the breath is held altogether, and a yawn or a sigh is an 
indication of relaxation from a state of prolonged attention, 
and compensation for deficiency in oxygen due to the shallower 
breathing. The other motor phenomena may be investigated 
by analogous methods which will be described in subsequent 
chapters. 




CHAPTER VIII 


THE STUDY OF ACTION 

T HE experimental study of action forms a very important 

part of experimental psychology, and many interesting 
and valuable results have attended investigation in this 

seems to have been 

originally given by the science of astronomy, the earliest 
reaction-time ” experiments, as the psychologist calls them 
having been carried out by astronomers. Astronomers, work- 
mg together and apparently under the same conditions fre- 

3 J** n 1 V y found in registering the time of an astronomical event 

like the transit of a star that there was a quite significant dis¬ 
crepancy between the times registered by the respective ob- 

ulrimatelv fat °, ^ ° l SUCh ^“'Pancy led them 

. y , ® performing of experiments of precisely the 

kboraTn™ P^ologist now makes in the psychological 

logists in connection with their study of the rate of transmission 
psy n chXgl| mP ’ “ d fr ° m th6m il Was handed on t0 the 

we ra,nonH° nS . 1 i, der ’ the first instance . what takes place when 

clearly the processes involved, we must consider brieflv the 
structure of the nervous system. 1 When an individual responds 

of a JInf al Wltl i a ? Ve f nt ' ^ of the a complete P chain 

three m ? St take P ?f C * ThlS chain can be divided into 

facts a sense organ, causing an excitation there whereupon 

brain for^m Is ,' tonv ey e d along certain nerve paths to the 
impulse ’ Thi^imn, ? n ' y - the = spinal cord) in the form of a nerve 

means of which the movement of the hand is effected. Hence 

1 See Appendix A for a fuller discussion. 

1 5 1 
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the three essential parts of our chain are: {a) the events in the 
receptor or sense organ (the ear, the eye, etc.); (&) the events 
in the conducting nervous paths (composed usually of two or 
more neurones); and ( c) the events in the effector organs 
(muscles or glands). In general there are two conducting paths 
Those neurones or nerves, to use the more popular form of 
speech, conducting the impulse from the sense organ to the 
brain or nervous centre, are known as afferent nerves; those 
which conduct the impulse from the nervous centre to the' muscle 
or gland are known as efferent nerves. The exact relations 
between the two become clear when .we study the structure of 
the nervous system as a whole. 

The nervous system may be considered as built up of a very 
great number of nerve cells or neurones. The neurone consists 
of a cell-body with its processes—the axone and dendrites. The 
axone is the process by which impulses are conducted away from 
the cell-body, while the dendrites convey impulses towards the 
cell-body. While the structural unit of the nervous system is 
the single neurone, its functional unit is the sensori-motor arc 
or the reflex arc, which consists of at least two neurones, a 
sensory neurone to take the nervous impulse from the receptor, 
and a motor neurone to carry it to the effector. When an im¬ 
pulse traverses a reflex arc a simple reflex movement takes 
place, as an illustration of which we may take the contraction 
or dilation of the pupil of the eye as a result of the intensity of 
the light falling upon the retina. In such simple reflexes con- 
ciousness probably plays no part, so far, at least, as higher 
organisms are concerned. If we decapitate a frog, leaving the 
spinal cord intact, various reflex actions can still be evoked. 
Stimulation of the hind foot will cause a defensive movement 
of the other foot to remove the irritant. So, also, in the case 
of the jelly-fish, which has the simplest kind of nervous system, 
connecting a few sense-organs with a few muscle fibres, the 
stimulation of a sense-organ involves contraction of the muscle 
fibres associated with it, and the issue is a simple reflex action. 
This simple reaction of an effector to the stimulation of a 
receptor is thus characteristic of all nervous systems, and such 
a simple response forms the basis of many apparently compli¬ 
cated actions. In the case of higher organisms at least, a simple 
reflex action rarely takes place in isolation, since the parts of 
the nervous system are all so closely connected together that the 
stimulation of one receptor may involve the activity of a con- 


THE STUDY OF ACTION 


153 


siderable number of motor neurones. That is, a single sensori¬ 
motor arc rarely, if ever, functions alone. Practically the 

whole nervous system may be affected by the stimulation of one 
receptor. 

Consider for a moment the nervous system from a biological 
point of view. 1 Low down the scale, but above the jelly-fish, 
we find an organism composed of a number of segments. This 
is the worm type. In this type each segment may be regarded 
as . independent at the start, and as self-contained, comprising 
within itself its own sensory and motor nerve fibres, so con¬ 
nected that the exciting of an impulse in a sensory nerve causes 
a reaction in one or other of the muscles. The sensory and 
motor nerves are linked in various ways to form many sensori¬ 
motor arcs, and the cell-bodies are grouped together to form a 
cluster or ganglion. Each segment can apparently act in¬ 
dependently, but if any movement of the whole body is to be 
achieved, co-operation must take place between all the seg¬ 
ments. In other words the separate nervous systems must 
be united in some way. This union is effected by a long line 
of nerve substance, running through practically the entire 
length of the organism. This is the origin of a spinal cord. 

ere is an analogous arrangement for the provision of a common 
tood store (the alimentary canal). As an organism of this type 
rises in the scale of life, the front segment will show a develop¬ 
ment in sensitivity, simply because it is the front segment and 
sense organs of various kinds will make their appearance in 
association with it. Consequently, there will be a considerable 
Pigmentation of the number and interconnections of thesensori- 

ments m tha f - se ? ment Further, since the remaining seg. 

function in co-operation with the leading segment 

i ') 1Un i C , atlon be . tw een it and them must be improved and 

increased. The ganglia associated with the sense organs become 

wet lake's r r d ;h and & br t “ thus constituted which as i 

in th^^;^ m t e t 3 0mmand ° f a “ the minor ne ™ us systems 

evident '"whmJ* a °tion of the nervous system now becomes 
evident. Whenever a nervous impulse traverse * e« 

i. p.,i«.„ , k e“r,t s 


1 See McDougall’s Physiological Psychology, 
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organism as a whole. We can distinguish different levels at 
which this co-ordination takes place. At the first or spinal 
level, the stimulation of a receptor evokes an immediate re¬ 
sponse from a corresponding effector or group of effectors the 
nervous impulse passing by way of sensori-motor arcs which are 
relatively simple and direct. 44 Thus, if the sole of the foot is 
pricked, most men and most animals will quickly draw away 
the foot. . . . They (the physiologists) have shown that the 
prick excites a nerve in the foot, that this excitement spreads 
up the foot to the spinal cord as a wave of physical change 
(not unlike a current of electrical change in a telephone wire), 
leaps across from the sensory nerve to a motor nerve (much as 
the electric spark leaps from one terminal to another), and so 
issues along the motor nerve, and, reaching the muscles of the 

leg, causes in them an explosion, which in turn causes them to 
contract and so withdraw the foot.” 1 

The second level is formed by the growth of branches from 
the sensory nerves of the arcs of the spinal level. These connect 
up with other sensory nerves, additional connecting neurones 
come into existence, and the new arcs are completed by returning 
to motor neurones, those corresponding to the original sensory 
neurones and others. Arcs of the second level are thus formed. 
The new cell-bodies cluster together, and with the cell-bodies 
of the neurones from the sense-organs in the head form one 
large ganglion, which is the rudimentary beginning of a brain. 
Acts involving complicated co-ordinations like balancing and 
walking are carried out by the arcs of the second level. 

The third level represents still more complex nervous connec¬ 
tions. More intricate connecting paths are formed between the 
arcs of the second level, which in their turn, as we have seen, 
represent combinations and co-ordinations of arcs of the first 
level. As a result the brain increases in size. In man and in 
some of the higher animals the arcs of the third level are re¬ 
presented by the so-called association areas of the cerebral 
cortex. These arcs underlie the highest processes of mental 
life, and the greater development of these areas is associated 
with those mental capacities, which give man his marked superi¬ 
ority over the lower animals. Upon these areas also progress 
depends, for new arcs and combinations of arcs can be formed 
as a result of learning processes. 


1 McDougall, Outline of Psychology, p- 22. 
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The arcs of the first level are naturally the most fundamental 
and stable. As the arcs of the third level are the last to develop 
and the most complex, so are they the most unstable. Under 
the influence of a drug, or with the beginning of decay owing 
to age or disease, the highest nervous centres are the first to be 
affected. The reflex arcs of the first and second levels are, in 
the main, congenital, while the arcs of the third level have to 
be built up in the course of the life-history of the individual. 
Thus when a child is born, the arcs of the first level, controlling 
heart-beat, respiration, etc., are in complete working order. 
The second level arcs develop normally within a short period. 
But the third level arcs develop with the progress of the child’s 
life and experience, and keep on developing till late in life. 

Let us now turn again to reflex action, and consider it more 
carefully and in somewhat more detail. A reflex action is 
usually defined as an inherited muscular or glandular reaction, 
which is determined immediately by the stimulation of a re¬ 
ceptor and the consequent excitation of an afferent sensory 
neurone, and which follows immediately upon such stimulation 
and excitation. The contraction of the pupil in bright light 
the knee jerk, and the pouring out of saliva into the mouth 
when food is taken may be cited as illustrations. 

For practical purposes reflexes may be roughly divided into 
two classes, purely physiological reflexes, and conscious reflexes, 
lhe former fall entirely outside consciousness. The contraction 
of the pupil when a bright light falls upon the eye is an example. 

onsciousness does not play any part in determining this re¬ 
action, nor are we conscious of the reaction itself, either in pro¬ 
cess, or after the event. In the conscious reflex, on the other 
hand, though consciousness has no share in bringing about the 
response, there is awareness in varying degrees of the reaction 
m process. The fact of an accompanying awareness involves 

“ ieasure of control, the extent of the control varying 

caused by irritation of the mucous membrace of g t he throat 

extent * * C ° n v? Cl0US can be controlled to a certain 

* .1 e may be inhibited, either temporarily or 

tarity 11 ^ and thC reaction ma y also be Produced vdun- 

u “ cr ™ re important classification of reflexes is into 

ite 10ne primary and conditioned. Every reflex has 
ts own appropriate or adequate stimulus. Whe/ evoked K,! 
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this stimulus the reflex is unconditioned or primary. But it is 

possible to elicit a reflex, under certain conditions, by a stimulus 

other than the adequate stimulus. Such a reflex is known as a 

conditioned reflex. Whether all reflexes can become conditioned 

can hardly be said to be proved, but such evidence as we have 
points that way. 

The study of the conditioning of reflexes may be said to 
have begun with the work of Pavlov and Bechterew. Most 
of the facts were known previously, but these workers developed 
technical methods by means of which a much more detailed and 
elaborate study of the phenomena was rendered possible. 
Pavlov’s work is the better known. He devoted particular 
attention to glandular responses, and his classical experiment 
was the study of the salivary reflex as conditioned by stimuli 
other than the presence of food. He found that when a bell 
was rung constantly at the same time as a dog was given food, 
the sound of the bell in time produced a flow of saliva even in 
the absence of the food. The salivary reflex had become con¬ 
ditioned. By an ingenious arrangement he was able to record 
and measure the flow of saliva under different conditions. 

Conditioned Reflex Methods in Psychological Experiment—A 

recent development in experimental psychology of great interest 
has been the employment of conditioned reflex methods. Both 
glandular and motor reflexes have been used. The use of the 
salivary reflex in the human being, as Pavlov had used it in his 
experiments with the dog, was made possible by a simple ap¬ 
paratus devised by Lashley. This apparatus consists of a small 
metal cup, which can be placed over Stenson’s duct in the inner 
wall of the cheek. A tube of small bore carries the secretion 
from the duct out at the corner of the mouth, so that it can 
be collected and measured. By means of this apparatus it is 
possible to measure the stimulating effect on salivary secretion 
of the smell, the sight, or the touching of food. The psycho¬ 
galvanic response, which depends on the activity of the sweat 
glands, 1 and which will be described later, may also be used in 
certain psychological investigations depending on the condition¬ 
ing of reflexes. 

A simple arrangement described by Watson 2 enables us to 
study and employ conditioned motor reflexes. The palm of the 
hand is placed on a metal plate and the point of the middle 

1 Recent work seems to point to another conclusion. See Nature, 
October, 1926. 

* Psychology from the Standpoint of a Behaviourist , p. 32. 
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finger brought into contact with a metal bar. The plate and 

the bar are connected respectively to the two terminals of the 

secondary coil of an inductorium. Thus a shock can be given 

to the hand, the effect of which is the reflex withdrawal of the 

hand. On the middle finger is placed a light cork saddle 

attached to the rubber membrane of a tambour. We can thus 

record on a revolving smoked drum the movement of withdrawal 

of the hand. It is a simple matter to record on the same drum 

the time of application of the stimuli, both the electric shock 

which is the normal or adequate stimulus for the reflex, and also 

the stimulus to which we desire to attach it, say the ringing of 
an electric bell. 


The conditioned reflex thus becomes a new instrument in 
the hands of the psychologist. How potent the instrument is, 
it is as yet impossible to say. But it is certain that the condi¬ 
tioned reflex can be used in cases where it is impossible to use a 
verbal response to determine such matters as sensitivity, dis¬ 
crimination, and the like, as for example in the case of* deaf 
and dumb subjects, or infants, or pathological cases of various 
types. It has already been used for such purposes in animal 

ncvrlinlAmr nrltb __ tt • . « 


, « . - - * . --- tn aumicu 

psychology with fruitful results. Hence its employment with 
the human subject will be watched with great interest. 

Reaction Time. —From the study of reflex action we pass 
naturally to the consideration of reaction time investigations 
We have already shown how the psychologist came to be in¬ 
terested in the time taken to respond to a signal or the reaction 
ume. Inis can be measured approximately in a very simole 
!S; We ari-ange. say t'n persons in a circle, so that the 
right hand of each individual is resting on the left shoulder of 
the individual next to him. One person in the circle holds in 
his left hand a watch which records tenths of seconds. He tans 

s tar ts* th 1^11 0 ft h ein d i v i d u a 1 next to him and simultaneously 
starts the watch. All are instructed to pass on the tap as soon 

as they receive it. Consequently, the tap travels round the 

c rcle and when it reaches the originator he stops the watch 

The time recorded is the total time taken by all the individuals 

m the circle to respond to a touch stimulus. Divided by ten it 

time to touch of ° ne indivi ^i 

individual 6 IcurseTf 

always more or less the same. A prearranged signal-a S0U nH 
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or a light, or a touch—is given to the subject, and he is in¬ 
structed to respond as quickly as possible by raising his finger 
from a reaction key which he is pressing. The time between 
signal and response may be registered graphically on a smoked 
drum. There are various devices for securing this, but the 
simplest method is to arrange for the closing of a circuit by the 
signal and the breaking of this circuit by the reaction, a marker- 
magnet in contact with the smoked surface being placed in the 
circuit. If, at the same time, we record on the smoked drum 
the vibrations of a tuning fork, either directly or by means of 
another marker-magnet, we have everything necessary for the 
measurement of the time. The fineness of our measurement 
will naturally depend on the vibration rate of our tuning fork, 
but for most purposes a measurement in hundredths of a second 
is sufficiently satisfactory. For finer measurements than this 
some kind of chronoscope is generally employed. 

From investigation on the point, it has been observed that 
the length of reaction time varies according to the direction of 
the attention. If the individual concentrates on the stimulus 
he is going to perceive and thinks little of the muscular response 
he is going to make, the time will be longer. On the other hand, 
if an individual places his full attention on the muscular re¬ 
sponse, his reaction time will be shorter. In the first case we 
have what is termed a sensorial reaction, in the second, a muscu¬ 
lar reaction. The following table 1 shows this difference:— 


Stimulus. 

Muscular 

Reaction. 

Reaction. 

Sound 

125 cr 

220 o* 

Light 

175 ^ 

270 c- 

Touch 

IIO O' | 

210 O’ 

Heat 

1300- 

190 O' 

Cold 



1150- 

I 

1500* 


These figures express in thousandths of a second (or o-) the 
difference in length of reaction time, according as the attention 
is directed on the stimulus or on the response. Further, they 
clearly show that the reaction time varies according to the 
nature of the sense organ involved. It will be observed that 

1 This table is quoted from Myer’s Experimental Psychology , vol. i., 
p. 126. 
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cold and touch yield the quickest responds and^that^hght 
ment of photo-chemical changes n the retina. J“" f a sound> it 

tha^tones 8 In all cases the muscular reaction is clearly ind - 
caud to be much speedier than the sensorial. If we were to 
d th«etwo ty P £ of reaction °ver-Per.od one forth 
outstanding difference would be revealed. On looking over 
ou^cohimn of results for sensorial reaction we would see that 
they clustered fairly closely together; but, on gta» 8 o»er 

variability would immediately become apparent, the individual 

measurements diverging greatly from their a X er ^*‘ , 

The fact that a muscular reaction time is shorter than 

sensorial is not surprising. For if we ha y e . th ® 
to respond whenever the stimulus is present, it means that 

reflex arc is prepared for action. The muscles are in a state of 

tension, and the motor neurone is ready to discharge whenever 

it receives the message. This hair-trigger attitude is quite 

different from the attitude in the sensory reaction. In this 

latter, the reflex arc cannot be established until the stimulus 

is perceived, and the motor neurones are therefore not in the 

state of expectant readiness which is so characteristic of the 

muscular reaction. As might be expected, the subject w os® 

attention is fixed on his reaction may respond “ wrongly, 

that is, any extraneous or accidental noise (especially if the 

stimulus is a sound) may tend to evoke a reaction. James 

states the case aptly in his words, “ The signal is but the spark 

which touches off a train already laid. Or a subject may 

respond “ prematurely,” that is, he reacts before the stimulus 

can have been perceived by him ; or he may give a delayed 

reaction, in other words, react after having actually given, or 

almost given, a ** wrong ” reaction. These mistakes rarely 

occur in sensorial reactions. The reason is that the muscular 

reaction is closely allied to a pure reflex action, involving an 

arc of the first or spinal level. If such is the case, we are merely 

measuring the speed of the nervous discharge. 

A third type of reaction is known as the natural reaction. 

In this type, the subject’s attention is left undirected. His 

instructions are merely to respond whenever he is aware of the 

stimulus. The time for natural reactions lies intermediate 
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between those for sensorial and muscular reactions. But 
although the attention may be undirected, some individuals 
naturally give sensorial reactions ; others give naturally muscu¬ 
lar reactions. In this respect great individual differences are 
revealed. If the type of reaction is fixed, it is not easy to change 
over from the one to the other. Particularly is this true in the 
case of muscular reagents. For them it is sometimes almost 
impossible to fix the attention on the stimulus, and place the 
minimum of attention on the response. P 

Reaction time varies to a considerable extent with age. 
Old people and children give long reaction times. This seems 
to be accounted for by lack of the power of concentration, and 
the absence of the favourable attitude. Further, reaction time 
can be greatly reduced with practice. This applies more’to the 
sensorial reaction than to the muscular reaction, and is due in 
the main to a better adaptation to the experiment. The time 
taken to react sensorially, nevertheless, can be so reduced that* 
it closely approaches the muscular reaction. In the case of 
athletes, it may be beneficial to practise muscular reactions. 
In America, where the reaction times of athletes have-been 
investigated, long distance runners are found to have much 
slower reaction times than sprint runners. 

Fatigue lengthens the reaction time, and drugs have the 
same effect. If the stimulus is very faint, the reaction time is 
considerably lengthened. When the stimulus in its presenta¬ 
tion varies in intensity, or when the stimulus is presented with¬ 
out any warning to the subject, the reaction time may show 
an enormous increase. The shortest reaction time is obtained 
when a warning signal precedes the stimulus at a regular interval 
of about two seconds. 

A simple reaction, although taking so short a time, involves 
a train of processes on the mental side as well as on the physical. 
We have already seen on the physical side the complexities of 
the series. The stimulus strikes the sense organ, the message 
is carried along the afferent nerve to the spinal chord, and 
hence to the brain, from there back again to the spinal cord, 
and along the efferent nerve to the muscle which controls the 
response of the finger. The reaction time includes all these 
physical happenings. The real mental process is associated with 
processes, within the brain, and somehow the mental act of 
perceiving the stimulus and the volition to move the hand 
take place there. An endeavour has been made to eliminate 
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the time of the physical ch *' °^ ^ tS “by“ilfmination to 

of transmission of as ^ ^ ^ * em . 

ployed -the purelinaccurate". 

Can we analyse the mental processes at wors r , . 

processes are threefold, the perception of the stimulus i« 

volition which is essential before the response '^ effected Th 

distinction between the first two processes is very l ght and 

in muscular reaction, apperception seems to be entirely aDsent. 
Yet the analysis of such a simple action as re spo“dmg to a 
pre-arranged stimulus, reveals a very great complexity on both 

the mental and the physical sides. .- l 

In simple reactions, there is however, little which can 

entitle them to be termed intellectual processes. It is 

untU we complicate the reaction in various ways that we find 
anything approaching to co-operation of the higher mental 
processes. Such reactions are known as complex or composite 
reactions; they correspond to our arcs of the second lev . 
The subject may be instructed to recognize what he sees or he , 
before riacting to it. By subtracting the time taken from the 
subject’s sensorial reaction time, we get the Recognition Time. 
In such experiments we are laying emphasis on the mental 
aspect. By means of a rapid drop shutter with an aperture, 
various objects, such as letters of the alphabet, or digits, or 
colours, can be shown, which the subject must recognize before 
responding. The recognition time for small words has been 
found to be similar to that required to recognize individual 
letters. Slightly more complicated are discriminative reactions, 
where a series is drawn up consisting of two colours, and the 
subiect has to discriminate which colour is shown before reacting. 
By subtraction we obtain the “ discrimination time,” which 
is about 30 o - longer. Reaction involving choice may be per¬ 
formed by giving the subject two reaction keys. If he sees 
green he is to react with the right hand, if red, he is to react 
with the left hand. In the case of discrimination only he is 
enjoined to react if red appears, and not to react if green ap¬ 
pears. Thus in both cases the subject has to discriminate what 
colour is presented to him, but in the case of choice he has to 
react towards each in a slightly different manner. The time 


11 



162 


EXPERIMENTAL PSYCHOLOGY 


registered for such reactions is considerably longer than dis¬ 
crimination times, and it increases steadily the greater the 
number of stimuli employed, and the greater the number of 
reactions. A five-fingered reaction key may be used, and the 
subject may be requested to react with a different finger to 
each of five different colours, or two five-fingered keys may be 
used and all ten fingers utilized. By this means, it has been 
often suggested, we measure rapidity of thought, but such 
acts of discrimination and choice are vastly different from our 
ordinary acts involving discrimination and choice. For in 
these experiments the mode of response is determined before¬ 
hand, and the stimuli are seen over and over again. Further, 
the reaction, as practice proceeds, tends to become almost 
automatic, and in choice reactions the movements of a particular 
finger become so closely associated with the perception of a 
specific colour, that the response takes place immediately with¬ 
out requiring any mental process of choice. 

Discrimination and choice experiments may be carried out 
quite simply by using a watch only. If we arrange the in¬ 
dividuals, who are to participate, in a circle as before, we can 
find the time taken to discriminate a touch stimulus. For the 
simple reaction to touch the individual had merely to pass on 
the stimulus whenever he received it. To find the discrimina¬ 
tion time, each individual touches the individual in front on 
the right or left shoulder, and whenever the latter apprehends 
which shoulder has been touched, he passes on the stimulus 
to the person in front of him. Each individual must arrange 
beforehand what shoulder he is going to touch of the individual 
in front of him, so that no time will be wasted once he has per¬ 
ceived the stimulus. By averaging the time as before, the aver¬ 
age discrimination time for each individual can be obtained.* 
Choice reactions can be carried out in much the same way. This 
time, if the stimulus is a tap on the right shoulder, the indi¬ 
vidual must respond with the right hand, if the left shoulder 
with the left hand. Discrimination must take place first, and as 
a result of discrimination the appropriate response is chosen. 

Associative reactions may be regarded as belonging to the 
third level of action. The subject sees or hears a word, and he 
is asked to respond by the first word or idea which it suggests 
to him. The time between the presentation of the stimulus 

1 This is not a very satisfactory experiment since we have no means of 
securing that discrimination shall take place. 
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and his reply is known as the association time. The expert- 
menter may press down a morse key when he shows the word 
and the subject replies by lifting his finger off a second morse 
key simultaneously with articulating the word. 1 Three types 
of association experiments can be carriea oui, u« 
may be entirely free, or wholly, or partly constraine . 
association is employed, the subject is at perfect hberty to reply 
with anv word. When the association is wholly constrained, 
only one answer is correct. The subject may be asked to 
perform a simple mathematical calculation, such as the addi¬ 
tion of two numbers, or to name the month preceding the one 
shown or to translate the stimulus word into a foreign language, 
or to name the capital of a country. If the association is ony 
partly constrained, more than one answer may be correct. 
An adjective may be shown, and the subject asked to supply 
a suitable noun, or a whole may be shown and the subject 
asked to name a part of that whole. Association times are 
considerably longer than the other types of reaction time, and 
they also show greater variety. In free association, if the word 
given is associated with some intense emotional experience of 
the subject, the reaction time may be very long. This is the 
basis of Jung’s Association Method, as we shall see later.. As 
a general rule free association times are longer than the times 
required for constrained associations, but this depends to some 
extent on the familiarity of the association in the case of the 
latter. Free association experiments may be carried out with 
the circle as before, each response serving as the stimulus word 

for the individual next in the chain. 

The muscular reaction, the discrimination and choice re¬ 
action, and the association reaction, correspond approximately 
to the three levels of the nervous system. They illustrate the 
greater complexity of mental process as we pass from the lowest 
to the highest arcs. It is sometimes said that in the case of 
association experiments we are measuring the rapidity of 
thought. The statement requires some qualification. We 
are really experimenting only on the minimal operations of 
thought, the suggestion of one idea by another idea. Yet this 
is one of the chief methods by which the thought processes 
are studied in the psychological laboratory. 

1 This is a rather crude method, but association times are fairly long. 
For accurate work an exposure apparatus, a chronoscope, and a sound or 
lip key are necessary. See also p. 21. 



CHAPTER IX 

WORK AND FATIGUE 

T HF investigation of fatigue was one of the earliest prac- 

55i problems to be undertaken both by the physiologist 
and the psychologist. The physiologist observed the 
■ 1 t,H muscle and nerve, and from his studies much valuable 

datfhave been obtained Tf h« heen found that when energy 


h a h«n e exD e ended in work, absolute fatigue ensues when all 

th ^ogen or the energylproducing material of the musde 

!i f. . ? resh supply. It is rare, however, for such a situation 

to arise unless the muscular work is exceedingly intense, for the 
suoolv of glycogen is usually prevented from becoming totally 
exhausted 6 by certain other factors which act as safeguards. 
Oneoftheseis the delicate “ end-plates "-the tenmnation of 
the nerve fibres in the muscle. These become fatigued before 
the muscular tissue itself becomes totally exhausted. Another 
safeguard is due to the accumulation of the bye-products 

formed in all muscular activity. In a state of act ' vlt y. t0 »° 
or poisonous substances such as lactic acid and carbon dioxide 
are produced. When the activity is not too continuous and 
severe these are eliminated as quickly as they are produced/ 
But again, if the muscular activity is too intense, these bye- 
oroducts accumulate much more rapidly than they can be 
eliminated, and “ choke up " the working areas, thereby in¬ 
hibiting action. A third safeguard is due to the action of the 
central nervous system, which, as we shall see later, has con¬ 
siderable influence over the muscular system in preventing 

fatigue. . „ , 

A difficult problem presents itself from the outset m all study 

of fatigue. What is its nature ? how may it be defined ? We 
may describe fatigue in either of two ways, either subjectively 
or objectively. Subjectively, fatigue may be defined as a char¬ 
acteristic mass of sensations and feelings, involving a state of 
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When very accurate measurement of reaction times is 
desired, we employ some type of chronoscope, and usually the 
Wheatstone-Hipp, as far as the psychological laboratory is 
concerned. This records thousandths of a second. The clock¬ 
work goes independently of the hands, and the giving of the 
stimulus starts the hands, while the making of the response 
stops them. The time is obtained by taking the difference 
between the reading of the chronoscope before and after the 
experiment. 

In all reaction time experiments there ought to be consider¬ 
able practice on the part of the subject before we begin to keep 
the record of times. The experimenter should give the warning 
“ ready ” about two seconds before presenting the stimulus. 
Throughout the experimental series the subject must try to 
introspect. Mere quantitative results are of little value. The 
subject may find introspection difficult at first. In that case 
it may be wise to “ fractionate ” the introspection, that is, 
observe separately different phases of the whole process. Three 
phases may be distinguished, the phase immediately preceding 
the reception of the stimulus, when the mind is full of the 
expected idea of the stimulus, the phase involved in the actual 
carrying out of the response, and the phase immediately after 
the response. It must be clearly remembered, however, that 
these phases are not separate or even sharply defined, but 
together form one unified process. 



166 EXPERIMENTAL PSYCHOLOGY 

consciousness of unpleasant affective tone. This subjective 
feeling is simply the effect of the physiological state of the or¬ 
ganism, and has different degrees of intensity ranging from mere 
boredom to sheer exhaustion. The subjective element repre¬ 
sented by tiredness or weariness is the feeling which sometimes 
serves as an indicator of the objective state of fatigue. But to 
define fatigue subjectively is not entirely satisfactory, for an 
individual may have a very pronounced feeling of fatigue, and 
yet his output of work may remain unimpaired. In fact, the 
subjective experience may be felt on the commencement of 
any piece of work before it is possible for the energies to have 
become depleted. This simulated fatigue is due, probably, to 
dislike of, or disinclination for, the work in hand, and a fresh 
incentive may be all that is necessary to evoke renewed energy. 
On the other hand, however, an individual may be near the 
point of exhaustion and yet experience no corresponding feeling. 
This is a dangerous condition, since the subjective criteria give 
no index as to the real state of the organism, and the individual 
may work on with injurious effects to himself. 

If we define fatigue in objective terms, we can do so on a 
more reliable basis, but even then, the result is again not wholly 
satisfactory. Fatigue is the state in which the organism is 
exhausted and requires rest. Accordingly it may be described 
as a condition of lowered efficiency due to expenditure of energy 
on work, or as a decreased capacity for work. This lowered 
efficiency or decreased capacity may be tested by the produc¬ 
tion or output of work. In a state of fatigue, the output is 
diminished, or the quality is impaired, or both are affected. 
Objectively then, we have to define fatigue in terms of output. 
This definition is not free from error, for as Myers points out in 
Mind and Work , fatigue may produce a general excitement with 
extravagance in the expenditure of energy, resulting in increase 

rather than decrease of output. 

As a mental phenomenon then, fatigue occurs as this sub¬ 
jective feeling of tiredness. As a physiological phenomenon 
it is a state of lowered efficiency of the organism shown by 
diminished output. 

A further question arises—is it possible to separate out 
mental from muscular fatigue or mental work from muscular 
work ? Can the one take place independently of the other ? 
If we consider an instance of pure mental work such as mental 
multiplication, or the multiplication of numbers without visual 
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or wriUen^aids, then,^s^Hollirigworth^points^out,^ ^ 

adjustment and tension .° £ , ro ° s ^ doe 

not produce muscular^a t ty ^ accum ' lation 0 f poisonous 

substance in the central and accumulation of poisonous 

fatigue, the? x P“ dl ^“ s en S it seems impossible to have 

substances m the muscles,^ th^ involve muscu i ar fatigue, or 
mental a■ w j,i c h does not involve mental, for all muscular 

muscular fatigue which a d aU menta i activity 

activity involves the nerve ce^ion ^ various of body 

causes authors has poin ted out elsewhere,* 

muscles. A ; symptoms of on-coming mental—as 

of on-coming muscular fatl 8^ e of me ntal fatigue 

direction of the attention and an inability 

to g the desired « ta 

of muscular fatigue in the spread of excitation to muscles other 
‘^uTmpSlejaccordingly. or at least inadvisable to study 

other The behaviour of the single detached muscle which t 
nhvsioloeist observes has certainly yielded invaluable results 
but the conditions under which it is observed are quite d^erent 

from those which exist when it forms a part of an intact 
organism For as everyone knows, to take one instance only 
th? amount of work an organism is capable o performing 
rfenends largely upon the mental condition at the time. JNe 

theless, for practical purposes, work may be regard^^« lt ^ 
predominantly muscular, or predominantly mental. These 

classes we shall consider in turn. 


jses we snan tuuaiuw 

The study of muscular work has been carried out 
of the ergograph. There are different makes of ergograph, but 
all embody the same general principles. Those most exten- 
siveW in use are Mosso's and Kraepelin's. The apparatus is 
so devised as to measure rhythmical muscular contractions 
which can be continuously recorded. The “ work' is usually 
carried out by the middle finger of one hand, but other 

1 Applied Psychology, P- I 4 2 - 
* Drever, The Psychology of Industry , p. 05. 
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ergographs have been devised which test different muscles of th* 
body. Arm and hand are clamped to prevent movement th* 
forefinger and third finger are fi X P e d in nfetal cap“°and on^ £ 

middle finger is left free to move. This is inserted in a leather 
attachment or brass cap from the end of which a weight depends 
sufficiently heavy to put some strain on the finger. & The finger 
is then flexed and extended regularly to the beats of a metro¬ 
nome which is set at 60. A complete contraction and extension 
accordingly lasts two seconds. The movements of the finger 
are communicated to a lever which records the height of each 
contraction on a rotating smoked drum. Such a graphic record 
or fatigue curve is known as an ergogram, The total distance 
through which the weight has been lifted up in a series of con¬ 
tractions can be ascertained from a travelling scale which moves 
w.th each pull on the weight; or if the weight is lifted higher 
each time, and does not return to its original starting place as 
happens with some ergographs, then the total height can’be 

easily obtained by (measuring the height at which the weight is 
finally left. 


Many interesting facts have come to light in ergographic 

^erk, and the reader will find a wealth of information in Mosso’s 

own book on “Fatigue,” which forms the pioneer study in this 
subject. 


If the contractions are continued long enough, a point is 
reached at which the individual is unable to lift the weight any 
longer. Complete fatigue has set in, and before another con¬ 
traction can take place, the muscle in the finger must be rested. 
The fatigue, however, is only fatigue to certain conditions. If 
the weight be lightened, the finger becomes able once more to 
flex and extend as before, lifting the weight maximally each 
time, until the onset of fatigue occurs again under these new 
conditions. The first ergogram is accordingly not so much a 
graph of the course of general muscular fatigue as a record of 
the onset of fatigue towards a special set of conditions. 

When a muscle is voluntarily contracted, impulses are sent 
along afferent nerve fibres to a nerve centre, the effect of which 
is to inhibit the nerve impulses which would normally pass 
down and produce further contraction of the muscle. The 
nervous system, by its control over the muscular system, 
prevents it from becoming fatigued. The contractions become 
gradually and gradually smaller in extent, and the inhibition 
becomes so great that no amount of volition can overcome it 
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4. : n fVi» muscle. R is evident, 
and produce further movement * {atigued . it is merely 

inhibited by the central ne ™'^ y V namely, Ufting rhyth- 
mically a given "eight Thrt« is subs tituted. But 

g ram -f ,L ^ weieht is retained, muscular contractions can 
^ob^nedTth: imiscle is not contmcte^ -luntanly but^ 

stimulated ^^^"n^e control has set up inhibitory 

p^octs« which' are"a"safeguard against the evil effects of con- 

tinu T r ^1“^^ ^ ;n^ h liria°S 

has been the subject of , mu ^ s ^J uce d if a we ight is lifted 

it is an interesting fact that if a pause is 

allowed after every contraction fj^^’ent Mn which the 
lifted'weight"was°6 kdograms, a r^st 

ject could^co^Hn^^liw'ng^'e'wei^htin^finitely^and^o ^* 8 ^® 

=&:Sfe,s ssjasss 

any further movement. In fact, before the fat.gue effects had 
rnmnletelv gone a rest of two hours was required. 

The length of the necessary rest P ause d°^ not v^d'rec y 
with the number of lifts. For example, we might imagine 
after half the number of contractions, half the period 
would be found sufficient. But such is not the case. Although 
30 contractions require to be followed by a two-hours rest in 
order to eliminate all fatigue, 15 contractions o s n g• 
the same weight, only necessitate a pause of half 
That is that after such an interval, a second set of contractions 

as good as those recorded the first time would b ® ,^ n ^ s ° 

on indefinitely. Or, if we express the result differently, 
certain amount of work requires a certain amount ° f rest ‘ n 
order to recover from the fatigue produced, then twice that 
amount of work requires more than twice the amount ot rest. 
Let us deviate for a little and consider the far-reaching 

1 Vide Muscio, Lectures on Industrial Psychology. 
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effects of this result as applied to industry. Suppose we fo!W 

he discusses. The work in a ceL/faZf 
day consists in lifting weights with the middle finger. One 
worker adopts the first method, 30 contractions followed by a 
two-hour s rest. The odd minutes may be neglected, h/an 
eight-hour day he will have four work periods, giving a total 
number of contractions of 120. A second worker adopts the 
second method, namely, 15 contractions, followed by a thirty- 
minutes rest This will give eight working periods, yielding a 
daily total of 240 contractions. This second method produces 
exactly double the number of contractions, assuming that the 
contractions are all equal. The increase in output is due en¬ 
tirely to the better distribution of work and rest. If a third 
worker were to adopt a ten-second pause after every single 
contraction, the whole (contraction and pause) occupying twelve 
seconds, his output in an eight-hour day would be far greater than 
the other two, and would reach no less than 2400 contractions. 

These results are only approximately correct, and the case 
is a purely hypothetical one, but the results clearly show the 
principle underlying the effect of pauses. 

The Work Curve. —Suppose we consider, instead of the 
ergograph, a test which is more mental in character, and 
investigate more fully what is known as .the “work curve.” 


If we take the cancellation test, the method of obtaining 
a work curve is very simple. The subject is given a page 
of print and asked to cross, out all the a’s thereon. The 
experimenter, using a stop-watch, gives a signal to the 
subject every minute, or every two minutes, or at some 
other prearranged time interval, whereupon the subject in¬ 
dicates by a cross on the paper the point at which he has 
arrived. Thus, by counting the number of cancellations made 
per minute in a continuous experiment, the result can be 
plotted and shown in graphical form. At first glance, the work 
curve presents a somewhat irregular appearance. These irregu¬ 
larities are due to spurts on the part of the worker. Usually 
an initial spurt is shown ; the subject starts at the beginning of 
the task with a speed which he is unable to continue for long, 
and which he has to slacken. Then there may be a final spurt; 
that is, if the individual is aware that he is nearing the end of 


1 Vide Muscio, Lectures on Industrial Psychology , p, 84. 
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curve. 


his task, an additional effort is madeand 

rfantnS to“^ious y causes. They may be due to 

mmd thathe isnot oo g apparent in work 

^thlhTerg^raph If however, we neglect these intermediate 

initial spurt at the beginning is followed by a decided all in the 

n Jes 6 ti nse th a e gain a m C p e idi; e at S and gradually more 

slowly until the maximum output is attained, 
is maintained for a time, then the curve begms to fall jh.s^s 

caused by the onset of fatigue which produces a general dimmu 

tion in output until the final spurt, if any, makes its a PP earance ; 
The rise and fall in the curve are principally due to the 

factors of practice and fatigue, the one causing the rise the 
other producing the fall. Certainly, the practice effect 
creasing, even when fatigue is present, but the fatigue counter- 
balances the practice, and it is at the commencement that the 

oractice effect is ‘most noticeable. Fatigue, of course, may 
increase the work quantitatively, but it invariably decreases 
it qualitatively. In addition to these two factors other two 
are of importance, incitement and adaptation. , ® c 

incitement or warming-up is shown at the beginning of any 
piece of work and combines with the practice effect in causing 
the steep rise ; it is also present in starting again after a pause. 
The machine, as it were, has grown cold and requires warming- 
up before maximum efficiency can be obtained. Adaptation is 
rather difficult to distinguish from incitement. It consists in 
adapting ourselves to the piece of work in hand, in fact, to settle 

down so that we are free from all distraction. 

Now, what is the effect of introducing a pause into the work 
on these four factors, and how will it modify the work curve.? 
In the first place the fatigue is eliminated which is the main 
result. But a loss of incitement and a loss of adaptation take 
place, and in the case of the beginner there is a loss in practice. 

If the pause is too short, it will not compensate for the 
losses in incitement and adaptation : if it is too long the practice 
effect will be partly eliminated, and the general working effi¬ 
ciency will be impaired. Hence it is desirable to find a pause 



C72 


EXPERIMENTAL PSYCHOLOGY 


7 , 3 llclu “r r 100 lon g nor too short, namely the most fan™ 

a e pause . On the other hand, the precaution must be taken 
not to insert pauses too frequently. This may be detrimental 

general'note.' partICularl y if a lon 6 warming-^ period iTthe 

One excellent illustration of the benefit to be derived from 
the introduction of rest pauses is shown by the results of a 

h eCe ^ T e f ,ga o° f n - 1 1116 ^“P^on was that of folding 

handkerchiefs. Before pauses were systematically introduced 8 
^ e T l0y T S , W0rked . St . eadiIy on without a break, but could 

however, for the girls were paid for work done. After the work 
had been carefully studied, certain recommendations were made 
such as raising the height of the work-table to avoid undue 
augue. ut more interesting was the introduction of pauses 
into the work. Every hour was divided into six-minute periods, 
n any hour, the worker remained sitting for the first four of 
these periods (twenty-four minutes). During this time she 
worked five minutes and rested one. Thus four minutes out of 
twenty-four were spent resting, and these rests were taken 
sitting before the work-table. For the next twelve minutes 
the girl stood to do her work, observing the same routine of 

^ or an d pause as before. During the next three periods of 
the hour (that is, eighteen minutes), the operator could sit or 
stand, but kept again to the same routine of five minutes’ work 
one minute rest. For the last six-minute period, the girl did 
no work but could do anything she desired. The result was that 
the output was three times as great as before, and the girls felt 
considerably less fatigued at the end of the day. Further, the 
monotony of the work was considerably lessened. 

It must be remembered that each individual has a different 
type of work curve; some require long periods of adaptation, 
others adapt themselves quickly to new conditions. Meumann 
claims to have found three types of workers amongst adults. 
The first type reaches maximal efficiency quickly and then the 
work gradually decreases in efficiency, and fatigue sets in rapidly: 
the second type requires a definite period of time before the 
maximum is reached, and fatigue is not so rapidly produced: the 
third type has its maximal efficiency displaced towards the con¬ 
clusion of the work and requires continuous work over a long 
period of time before the maximum is reached. Individuals 


1 Muscio, Lectures on Industrial Psychology, p. 179. 
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. i thic class seem able to withstand fatigue for a 

considerable* tim'e. All these factors require to be kept in mind 
when deciding on the length and frequency of pauses. The 
introduction of pauses, accordingly, must not be ma.de hap¬ 
hazard but requires, in every individual case, systematic 


investigation and experiment. 

Methods ol investigating Mental Fatigue 


Two methods of 



jneittuiu u& *—"—— ■—, w , i j i 

procedure in investigating mental fatigue have evo ve , 
these have been extensively used m the field of education. The 
methods are known respectively as the Interpolation method 

and the Continuous method. « #-h/» 

In the interpolation method, the mental work on which the 

subject is engaged is interrupted at regular intervals, say every 
half-hour, and the subject is submitted to a certain test, differen 
from the work on which he is engaged. His mental 
is calculated by comparing the efficiency with which the inter¬ 
polated test has been performed at these different times. 

Dolated tests are usually indirect tests, that is, tests of some 
subsidiary change brought about by the work, but direct tests 
of mental efficiency may also be employed. In the continuous 
method, the subject is engaged in a definite piece of mental 
work and the work itself may be tested directly as regards both 
quantity and quality at prearranged times. Fatigue causes the 
quantity to diminish and the quality to deteriorate, the latter 
usually indicated by an increase of errors. The diminution in 
the mental efficiency is considered an indication of fatigue. 

Let us consider indirect tests in the first instance. The most 
famous test historically is that of the determination of the 
spatial threshold. For a long time, extravagant claims were 
made as regards the ability of this test to give a good indication 
of the presence of fatigue. The result is complicated, however, 
by so many other factors, and the threshold varies so consider¬ 
ably with different individuals, that it is extremely difficult to 
obtain data which are at all comparable. It has the. one ad¬ 
vantage that quantity alone is measured, and that quality is not 
involved. Another method sometimes used was to compare the 
individual’s sensitivity to pain in normal and in fatigued states. 
But this again proved unsatisfactory, because it is not at all cer¬ 
tain whether fatigue causes sensitivity to pain to increase or to 
diminish. The ergograph was also thought to give good inf or 
mation of the presence of mental fatigue, and ergographic test- 
were instituted after a period of severe intellectual strain. This 
apparatus, however, is rather a test of muscular fatigue, and as 
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has already been demonstrated, tends to develnn m „ > 

is anoth Wh W Ch -‘ S PUre ! y l0 . Cal in charac ter. The tapping test 

a fatigued state is compared with the normal rate of tannin " 
The reversible-perspective test has also been used. Thiswn' 
sists of a figure, usuajly of two rectangles, one within the other' 
and their corresponding angles joined. This figure can be seen 
n two ways, with the one or the other of the two sides towards 

fmnn b ^w V6 f’ gIVII ? g n . ow \ convex » now a concave effect. It is 

length of time for in a few seconds the figure becomes reversed 7 
The subject, although unable to prevent the reversal, is able to 
control the rate of reversal, and it is control which forms the 
basis of the test. When the individual is fatigued the control 
is impaired, and the normal rate of reversal is diminished. 
Further, the interval of time which occurs between each re¬ 
versal is decidedly lengthened. This would undoubtedly be a 
satisfactory test of fatigue but for one reason and that a serious 
one namely, the lack of objective control, for full reliance must 
be placed on the trustworthiness of the subject. 

The great disadvantage of the interpolated test is that a 

change of task involves a change of interest, which is apt to 
cause a diminution of fatigue. 

The direct tests are more reliable than the indirect tests. 

T ey possess, however, one considerable disadvantage, incident 

to t e majority of mental tests, which lies in the difficulty met 
with in evaluating results. 

Direct tests may be divided into two kinds. On the one 
hand, as has already been suggested, the work itself may be 
tested at different intervals in a certain period of time. The 
first twenty minutes may be tested and compared with the last 
twenty minutes, or special tests may be given which are similar 
in nature to the work causing the fatigue. The chief direct 
tests belonging to the second category are four in number. 
The ordinary dictation test appears to give valuable results. 
In one instance reported by Friedrich the number of spelling 
errors of one class before lessons began in a prescribed piece of 
dictation was 40. The total rose to 70 after the first hour of 
work, to 120 after two hours, to 190 after three hours, clearly 
demonstrating the presence of fatigue. The chief difficulty in 
such a test lies in the standardizing of results, and in equating 
satisfactorily one spelling error with another. The cancellation 
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test has also proved futility in this con***™- 

C a a „d'the e n e u mb e er o y f times the subject has ^^d to cance 1 the 

!:" e „e which* [3'considerably atctTby P-t^e. Ebbfnghaus’ 
uTinn t^t b another test which has given satisfaction 
A Teeofpoe or partofa story is set before the subject, but 
certaTn woSb or phrases are omitted. The subject is required 
to fill in these blanks. The fatigue is indicated by the amoun 
read, and by the number of blanks filled. Fi y, P 

addition and multiplication tests may also be utilized 

These direct tests can all be applied as group tests, tne 

direct tests are generally used as individual tests. 

Time and Motion Study.-Time and motion study properly 

belongs to the sphere of industrial psychology but as it had 
its origin in the laboratory and developed out of a study ot 
reaction time and fatigue, a brief account of it is interes 1 J 11 }^ 

an example of the application of expenmental psychology 

Motion study aims at eliminating unnecessary an< ^ ^ stefu 
methods and instructing the worker in what we ^‘ght cal 

a “ shorthand method ” of working All 

are dispensed with, thereby reducing fatigue, and the most ettic 
ient co-ordination of movements is investigated, the aim being 
to obtain the maximum of work with the minimum of effort on 
the part of the worker. The guiding principles of motion study 
are threefold. First, the elimination of useless. movements; 
second, the combining of separate movements into a single 
circular movement, based on the fact that one uninterrupted 
circular movement is less fatiguing than two disconnected move¬ 
ments ; third, attention is paid to rhythm. It is less fatiguing 
to perform an act rhythmically than to perform it as an irregular 
series of jerky movements. This is particularly the view-point 
of British psychologists as represented by Eric Farmer. Farmer 
regards time and motion study, not from the point of view of 
speed (as do the American investigators, Taylor and Gilbreth), 
but from the ease with which the worker can perform the move¬ 
ment. He endeavours to arrange a task so that it will be in 
keeping with the natural rhythm of the worker, that is so that 
it should be in accordance with physiological and psychological 
laws, thereby using body and mind as economically as possible.* 


1 Report of the 
Series Number 5. 


Industrial Fatigue Research Board , Number 14, General 
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CHAPTER X 

SUGGESTION AND SUGGESTIBILITY 

IrVl" !, he present ^Pter anticipate to some 

seem to imply a cIo<?o r ~i a +; n ?- P ! e * . r* 113 definition would 
therefore to the ideational levefof''mental' uT% T'TL 

L U n d a°r U ro b w d 'a y ndT S m ° St ° f Ph'no-ena^itt mg 

than Lm withtuT ld Th- Se?1S ^ _may C ° me from within rather 

pcZoZt" , aV V S S ° UrCe ob j ects ^ the envkonmen^ 

necessary in that C r end ^ d ’ ^ WC u aS ° ther P eo P le - AI1 that is 
associated whh £ th ® ° bjeCt shouId be normally 

“ acUn^ d Zut t f K md ° f . action * In the second place, 

tioSflJfh ^^ h ® takmg Up 0f an intellectual or emo^ 

in extromo r de> adop ^ on °J an 0 Pi ni °n or belief, and even, 
the ou" PCrCeptUaI CXperienCe ' may bc 

ho ^fi^ rC cons i der i n g^ suggestion specifically, something must 

S.WM d r ? ardlI ] g tde ° motor action. Action which follows 
directly and involuntarily on the thought or idea of the act is 

eomo or. A distinction is sometimes drawn between sensori¬ 
motor and ideomotor , but there is really no sharp line of demarca¬ 
tion, except that m the former case action is directly determined 
. y sensory stimulus. There are, in fact, all gradations between 
invo untary action, excited directly and immediately by a 
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sense stimulus, and an act which takes placetfie'miSd 3 
result of the thought of that act passing through the mincU 

Midway between these two extremes is the act which may be 

described as unconscious imitation, where, in watching 

highly concentrated attention other people acting,nsome way 

we suddenly find that we ourselves are performing, or nav 

performed, unintentionally, some one of the 

imr The notion of a sharp line of demarcation really arises 

from the older analytical psychology of the thought processes, 
which regarded “ ideas ” as separate, purely mental, entities. 
This view falsifies the facts in two respects. On the one hand, 
it treats a partial aspect of a complex process—the complex 
process being the behaviour of an organism—as if it were a 
whole in itself, separable, if not separate from the rest of the 
mental life. This is not the place to deal with this point. On 
the other hand, it assumes that a thought or idea is pure y 
mental. It is safe to say with the behaviourists that no idea 
we ever have is purely mental. In most cases ideas passing 
through our minds are at least named. This means that m 
thinking we carry on a kind of suppressed conversation with 
ourselves, and this suppressed conversation implies, in prob¬ 
ably every case, the initiation of the articulatory processes 
involved in actually speaking the words. For example, if we 
think of a word like “ babble,” we feel a kind of tremor m t e 
lips. This fact is taken advantage of in certain experiments 
where we wish to eliminate the auditory and motor imagery of 
words. The plan adopted is to ask the subject to keep on 
articulating some such sound as *' la.” As a matter of fact this 
does not wholly eliminate the possibility of auditory and motor 
verbal imagery, but it is quite certainly a great impediment. 

Every thought of movement involves the beginnings of the 
actual movement, that is, the first muscular contractions in 
making the movement. What of ideas that are not ideas of 
speech or movement ? The fact is, every idea we have, whether 
an idea of movement or not, involves movement of some kind. 
We think of a landscape we have seen, and careful observation 
will tell us that there are incipient contractions of the eye 
muscles of the same kind as those involved in actually seeing, 
and allowing our eyes to rove over the landscape. Illustrations 

might be multiplied indefinitely. 

Even this is not the whole of the truth. It is largely by 
means of this motor factor that we control the course of our own 
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thought. We get control of a movement by getting the feel of 
the movement. In thinking of the movement, we think of its 
feel, and this means the beginning of the movement itself, and 
the movement is made. Take a longer chain. The child 
learns to make the movements involved in throwing a ball. 
He learns also, let us say, to make the sound “ frow ” in connec¬ 
tion with the movement. He can now initiate the movement 
by thinking of the word, and another person may cause the 
movement to take place by speaking the word, and so on. 

When the idea of an act immediately realizes itself in the 
act, then we have the kind of action called ideomotor. Many 
of the actions designated “ impulsive ” are of this order. If 
what has just been said is true, it may be asked why all actions 
are not ideomotor. As a matter of fact all actions are up to 
a certain point. What usually happens is that, before an act 
can be realized, the situation calls up other opposing ideas, and 
action is suspended until we have, as we say, made up our minds 
what to do. If in any way these opposing ideas are prevented 
from rising in the mind, or anticipated by action, then the move¬ 
ments which are initiated with the idea complete themselves 
in the act. One marked feature of suggestion is that, under its 
influence, opposing ideas are prevented from coming into the 
mind. In this respect the phenomena are continuous with those 
of ideomotor action. 

Three simple experiments will enable us to make the transi¬ 
tion to suggestion phenomena. The first is Coud’s well-known 
experiment. If an individual clasps his hands together, holding 
them up in front of him, and keeps saying with conviction, “ I 
can’t unclasp them. I can’t. I can’t,” then he really cannot 
unclasp his hands so long as he keeps asserting his inability and 
thinking it; and very frequently he finds that he cannot unclasp 
them after he has ceased to assert his inability, the condition of 
inability still continuing. The second experiment is likewise 
fairly well known. It is the experiment with “ Chevreul’s 
pendulum.” Make two chalk lines crossing one another at 
right angles on the top of a table. Tie a button to a thread 
about 15 inches long. Let the subject hold the end of the thread 
so that the button is suspended over the intersection of the two 
lines and a few inches above the table. Now tell the subject 
to let his mind dwell on one of the lines, his attention passing 
along it from one end to the other. The button will at once 
start to swing along that line, and the swings may attain a 
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<•**"'» J -PIM. . ..h„ line, end tie 

SIT,' £ ?3SS i« djeetion e, ewing, M * 

SSjrUx a! •>!■» ;is“ SiJi 

ST5, r ^'*»* • «s 

It is tne garu r^adinp ” The thought-reader is led 

bv^uMe to the h dd "obTect, because his guide’s whole 

accordingly Unconsciously tends to move towards >t, and to 

resist anv movement in the wrong direction. . 

These three experiments all illustrate the phenomena of 

what has been called auto-suggestion. They are som^wha^ore 

realize themselves automatically, or, if it is preferred, subcon¬ 
sciously. An illustration showing still more complex pheno 
mena of the same order might be cited. That is the census 

tabulation case, fully described by Jastrow, whose de ^ n P^°" 
we shall follow. In 1890 the United States Census Office 
adopted a new system of tabulating the returns. It was from 
the outset assumed that the work was complex and difficult, 
and this furnishes the key to the attitude with which it was 
undertaken by the staff. The family schedules were edited by 
clerks in batches of twenty, with an instructor for every batch. 
After five weeks of this work, the most intelligent of the c l er 
were put on the special punching machines. It was considered 
that 550 cards represented a day’s work. Two weeks passed 
before any clerk reached this total. All the clerks were now 
set to work on the machines, and in another two weeks most 
of them reached 5 OD cards a day. At this stage a roll of honour 
was posted daily, the result of which was that in another week 
the clerks were doing from 600 to 1500 cards a day, but with so 
great nervous strain that complaints were made to the authori¬ 
ties, and the posting of records forbidden. Two hundred new 
clerks, who had no experience with the schedules and had never 
seen the machines, were now added to the staff, and scattered 
among the clerks already at work. Their lack of experience 
was more than compensated by the fact that they were not 
under the influence of the suggestion that the work was complex 
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and difficult. On the contrary they saw their fellow m. t 

workmg away easily and rapidly. The consequentT w~ * 
in three days several of these new and untrained derks reactn 

finished one of them reached the figure 2230 So much 1 
the influence of the idea that the work to be done was com" 

easy on th 1°” ^ hand ’ ^ that was si »Pl* »d 

The whole range of the phenomena producible by sueeestion 
is best seen with subjects in the condition known L hlfnlsl 

tir ITT 0 ?, ^ ypno \ dal s J ates > closely allied to it. The hypno- 
hoolnfn is produced mainly by suggestion, and one modern 
school of psychologists would define it simply as a state of 

exaggerated suggestibility artificially induced. Though hypno¬ 
tism cannot be regarded as belonging legitimately to the pheno¬ 
mena that can be, or ought to be, studied in the ordinary psycho¬ 
logical laboratory, nevertheless, we may indicate the various 
types of suggestion phenomena that may be produced under its 
influence, all the more because practically every one of the 
phenomena can be paralleled with suitable subjects, without 
any hypnosis, as that is generally understood. The pheno¬ 
mena can be classified under four heads *— 


I- Phenomena involving the control of the subject’s volun¬ 
tary musculature. ^ Not only can the operator or experimenter 
control (within limits) the subject’s external behaviour, but he 
can control the subject s voluntary muscles independently of 
the subject himself, by producing, for example, inability on 
his part to execute ordinary movements that he wills to perform, 
producing, that is, a temporary paralysis. 

2. Phenomena involving control of the senses and the 
memory. Hallucinations, both positive and negative, can be 
readily produced. In positive hallucinations the subject has 
a sensory experience which has no objective basis ; in negative 
he fails to apprehend stimuli which are affecting his sense organs 
at the moment. In the latter case we have artificial anaesthesia, 
and artificial anaesthesias may be induced in any one of the 
sense departments, vision, hearing, touch, even pain. The 
memory can be controlled in an analogous way. For example, 
the subject may be made to forget his own age or his own name. 

3. Phenomena involving control of the involuntary muscula¬ 
ture and the glands. These phenomena might be said to verge 
on the abnormal, and are only producible with highly favourable 
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subjects, unless they are produced indirectly by first evoking 

“f Phenomena involving ^,^3^ 
final group of P£j“°™£ a s ” h that there can be no reasonable 

C d"hat phenomena such as the production through sugges¬ 
tion of blisters on the skin do occur, though we are, as yet, 

unable to understand how they occur. . - fh nv 

Testing Suggestibility. —In order to determine withjmy 
M.<™7of accuracy the conditions under which suggestion 

ooeratesmost 'favourably in the normal state we must have 

some means of measuring a subject’s suggestibility. . Se y e ^ 
Sods of measuring suggestibility have been devised by 

Lnd has been incorporated in the Binet-Simon series mental 
?ests usually spoken of as the Binet Scale, of which more here¬ 
after’. In this case a subject’s suggestibility is testedbya 
.. line trap" Two lines of different lengths are shown the 
suSect an P d he is asked : “ Which of these lines » the onger 

second S cms. and 6 cms., on the third 6 cms and 7 cms., and on 
all other occasions 7 cms. and 7 cms., that is, equal. In the 
actual Binet test the “ trap ” is only given three times but 
there is no reason why the experimenter should not continue 
to repeat it, as long as there is response to the su gg« s ‘‘°"’ 
A rough measure of an individual’s suggestibility would be the 
number of times he continued to find one line longer than the 
other after the two equal lines began to be presented, 
more elaborate test of the same type may be carried out either 
with progressive lines or progressive weights. As described by 
WhiDole 1 the test with progressive lines would be carried out 
as follows: Lines are drawn on a strip of paper fastened on a 
revolving drum. There are 20 lines in all. The first four are 
12 24 36 and 48 mm. long respectively ; the remaining sixteen 
are 60 mm. long. The lines begin at varying distances from the 
left-hand margin of the paper, and are 2 cms. apart. These lines 
are shown to the subject one at a time through a horizontal 
slit in a sheet of cardboard. The instructions are that the sub¬ 
ject should take one look at each line, and then attempt to mark 
its length from the left-hand edge of a sheet of squared paper 


1 Manual oj Mental and Physteal Tests } vol. ii*> p- 237 



182 EXPERIMENTAL PSYCHOLOGY 

with which he is provided. The drum is turned so as to expose 
the first line, and then moved forward so as to conceal the line 
while the subject marks off its length. Then the second line 
is shown in the same way, and so on. If necessary the test 
can be continued beyond the twentieth line by turning back 
the drum without the knowledge of the subject to the fifth line. 
For a measure of suggestibility we take the number of lines 
drawn longer than the fifth line. With progressive weights the 
test is carried out, mutatis mutandis > in a similar way. There 
are fifteen weights of precisely the same size and appearance. 
These are arranged in a row, No. I to No. 15, with No. 1 at the 
left. The first four weights are 20, 40, 60, and 80 gms. respec¬ 
tively ; all the others are ioo gms. The subject has to say 
whether a weight is “ heavier,” “ lighter,” or ** the same ” as 
the one lifted before it. 

The size-weight illusion has also been made the basis of a 
measurement of suggestibility. If we take two objects—say 
two round blocks—of the same weight and appearance, but 
differing greatly in size, the smaller will seem, as we have already 
seen, much the heavier, because the size suggests the amount of 
muscular effort to be put forth in each case, and the larger 
object rises with much greater ease, the smaller with much 
greater difficulty, than expected. By providing a series of 
round blocks of a size midway between the two original blocks, 
all of the same shape, but graded in weight through a fairly wide 
range, we can find the block that seems to be of the same weight 
as each of the original blocks respectively. The difference 
between the weights of these two blocks may then be taken as 
a measure of the suggestibility of the subject who has selected 
them. Thus, if the standard weights are each 55 gms., and the 
middle-sized blocks range from 15 to 80 gms., the subject might 
estimate the larger block as equal to a middle-sized block of 
20 gms., and the smaller as equal to one of 70 gms. The 
suggestibility of the subject would be given by the difference 
between 70 and 20, that is 50. 

The production of illusions or hallucinations by suggestion 
has indicated yet another method by which suggestibility can 
be measured, at least roughly. Illusory warmth was first 
employed in the Yale laboratory by Seashore, working on lines 
that had been suggested by Scripture, and the method adopted 
remains the most satisfactory of the methods of this type. A 
resistance wire is arranged so as to be perceptibly heated in 
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from eight to ten seconds by passing through it an electric 
current. To begin with the current is passed through the wire, 
and the subject, holding the wire, soon feels objective warmth. 
This is repeated two or three times. After that the circuit is 
broken unknown to the subject. The switch is closed osten¬ 
tatiously as before, and the experimenter takes the time for 
the appearance of the illusory warmth in the wire. The measure¬ 
ment of suggestibility is given by the relative number of times 
the subject reports warmth when there is no current in the wire. 

All these methods show increasing suggestibility with age 
up to nine or ten, after which there is a gradual falling off, and 
at all ages girls show greater suggestibility than boys. It will 
be noted, however, that the personal factor does not come in, 
except indirectly, in any of the tests. This is unfortunate, 
because this is the most important factor of all, as far as the 
8 u g§ es ti° n of everyday life is concerned. Still more unfor¬ 
tunate is it that, when the personal factor enters, as in the 
experiment about to be described, its influence is so variable 
and incalculable that the idea of measurement must be practi¬ 
cally abandoned, except for measurement roughly and in the 
mass. 

The “Anssage” Experiment. — Much experimental work 

has been done during the last quarter of a century on the psy¬ 
chology of testimony, work which has important practical 
bearings in many directions. The idea of testing the ability 
of an individual to give a reliable report of an experience appears 
to have originated with Binet. 1 The ability is a somewhat 
complex one, depending as it does upon ability to observe, to 
interpret, to retain, to recall, and to relate. Apart from the 
testing of the range and character of observation, with which 
we are not at present concerned, fidelity and adequacy of 
report can be tested by some form of what is known as the 

Aussage " Test , and in connection with that test valuable 
light can also be thrown on the suggestibility of a subject. 
Various types of material have been used, but the principles 
underlying the testing of suggestibility are the same for all 
types of material. Hence the description of the test as usually 
given -that is, with a picture—will be sufficient for our purpose. 

A picture is exposed for from twenty to thirty seconds, the 
subject being directed to observe closely, since he will be asked 


1 La Suggestibilitl. 
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afterwards to tell all that he has seen. The test itself 


distinguished. These are: 


{a) The determinative question—the least suggestive form— 
which is a simple question introduced by the interrogative 

the wall? 0 ’’ adjeCtive ’ as > £or exam P le > "What is hanging on 

(b) The completely disjunctive question, which compels the 

subject to choose between two alternatives, as, ** Is there a 
cat in the picture ? ** 

M The incompletely disjunctive question, which offers a 
choice between two alternatives, but does not exclude a third 
possibility, as, “ Is the dog black or white ? ” which does not 
exclude the possibility of the subject replying with a third 


colour. 


(^) The expectative question—a fairly strong suggestion— 

which assumes an answer, as, for example, “ Was there not a 
picture on the wall ? ” 

(e) The implicative question—the most suggestive—which 

is a question implying the presence of an object not present in 
the picture at all. 

(jO The consecutive question, which is any question following 

up, and developing, a suggestion already given, or rising out 
of an answer already obtained. 

Binet has employed a card of objects in place of a picture, 
but the procedure, as far as the testing of suggestibility is con¬ 
cerned, is identical. Possibly this kind of material affords 
somewhat more scope for suggestion, but that is doubtful. 
Other investigators have used an occurrence taking place in 
front of the subject, as, for example, the demonstration of some 
physical or chemical phenomenon. Obviously, then, we have 
a wide choice of material for the testing of suggestibility by 
this method. ^Ve cannot from the results, however, get a 
measurement , in any real sense, of an individual’s suggestibility, 
owing to the complexity of the conditions entering in with the 
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Question -and-answer procedure. As already indicated, if 
wish measurements, we must be content with mass measure¬ 
ments with the comparison of groups. 

Summing up on the basis of the results obtained from ex¬ 
periments of the kind described, from experiments on subjects 

in hypnosis or in other hypnoidal states, and horn “Arable 
in everyday life, we can specify the mam cond tions favou rable 
to the operation of suggestion. These conditions are either 
objective or subjective, that is to say, they are either conditions 
dependent on factors external to the individual who receives 
the suggestion, or they are conditionsinvolved in his stateat 
the time. Take the objective conditions first. The general 
principle which will cover the operation of these conditions is, 
that whatever gives impressiveness to a suggested 
tends to favour its acceptance. The impressiveness may be 
either in the manner in which the idea is conveyed, or the source 
from which it comes. The applied psychology of advertising 
and salesmanship is deeply interested in this aspect of suggestion, 
and some experimental work has been done from this point of 
view. Psychologically, the impressiveness of the source is the 
more interesting. This is what we call “ prestige.” Two kinds 
of prestige are usually distinguished mass prestige^ or t e 
prestige of numbers, and personal prestige. The first is the 
source of much of what we call the “ crowd effect,” and also of 
the influence of the constantly-repeated advertisement. Pcr- 
sonal prestige may be either natural or adventitious, either 
permanent or only temporary. It may depend on personal 
qualities, physical, intellectual, or moral, on reputation, on 

wealth, on fine clothes, on profession. ^ 

The subjective conditions determine what we call the in¬ 
dividual’s suggestibility. Suggestibility may be a natural and 
congenital characteristic of a person, or it may be due to some 
condition, normal or abnormal, of the person at the time. 
Normal conditions, such as youth and inexperience, or lack of 
knowledge concerning a subject under discussion, it is easily 
seen, are conditions which will favour the acceptance of sugges¬ 
tion. So, also, will a favourable emotional state, an emotional 
state with which the suggestion chimes in, so to speak. Condi¬ 
tions, more or less abnormal, such as fatigue, the state under the 
influence of drugs, hysteria, hypnoidal states, such as the state 
between sleep and waking, and hypnosis, are similarly highly 
favourable to suggestion. 
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FEELING AND EMOTION 

W ITHIN recent years there has been a notable trans¬ 
ference of interest in psychology, both general and ex¬ 
perimental, from cognition and the intellectual pro¬ 
cesses to feeling and the affective processes. Several causes have 
contributed to produce this result. In the first place, the bio¬ 
logical interest in the behaviour of the living organism has 
extended to the affective processes because of their obviously 
close relationship to behaviour. In the second place, psycho¬ 
pathologist and psychiatrist have been led by the phenomena 
they encounter to attach more and more importance to the 
affective life, and this has reacted on normal psychology. In 
the third place, the practical interest in psychology as the 
science of human nature and character has received a new im¬ 
petus in recent years, and this has always tended to lay stress 
on the affective processes. Previously, this part of psychology 
had been in a very backward state, at least as regards any 
exact scientific knowledge. It is not difficult to understand 
why this should have been so. Not only is the affective life 
of the human being very complex in itself, but feelings are, as 
such, very difficult to study introspectively. The complexity 
of the affective life is immediately realized when we consider 
the different varieties of feeling. Four distinct—or apparently 
distinct—varieties can be enumerated :— 

I. The so-called sense feelings, that is, the agreeableness or 
disagreeableness attaching directly to our sense experience. 

2. The kind of feeling we call interest , with the satisfaction 
or dissatisfaction it involves, according as the interest is gratified 
or meets with obstruction. 

3. The affective elements involved in emotions and moods. 

4. The feelings usually grouped together as (esthetic feelings. 
The introspection difficulty has always been recognized. 
When we attempt to observe a feeling in attentive consciousness 
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r . .. thp feeline has vanished. This was all the more 

WaS rimental Sm hTwtl haflS'to very Considerable 
experimental metnoas , j ntr ospection has been 

Lund capable S of ‘yielding results when systematically applied 

“"It iXfTom t e 1 as C y 0n tod?fferentiate sharply between feelings 

d SL have identified feeling with a rudimentary and 
undeveloped 5 typeofsensatioa. Several criteria, however by 
which we may distinguish feeling and sensation, have 
suggested, and! though all may not hold on all occas.ons, there 

IS probably no ca ^ sensat ; ons represent an ohjectree^feel- 

inas a subjective element in our conscious life. This means 
that sensation conveys to us a character of an °Xic°sensations’ 

including sensations of movement, present some difficulty as 

regards ^duscr^econd sensations have always a definite 

location, while feelings have no such location Th»s criterion 

has led to not a little controversy. It involves the view that 

different sensations may exist side by side in our experience at 

any moment, but feelings are coextensive with conscious life, 

and therefore, mixed feelings cannot, as such, exist. Exper - 

mental evidence is very conflicting on this point. . 

r In the third place, sensations range between maximal 

differences, feelings between opposites. It is characteristic of 

our affective life that it is bipolar, and no such bipolarity is 

found in our sense experience, though m some respects there 

are moderately close analogies.. _ . 

4. In the fourth place, feeling is incapable of being repro¬ 
duced as image. Again, there is some controversy regarding 
this criterion. We can, of course, remember an experience 
that, in the past, was tinged with feeling, but it seems true to 
say that the feeling we have is not a reproduced feeling, but a 

new feeling. 

5. In the fifth place sensations and feelings behave differently 
in attentive consciousness. Sensations can become clear, feel¬ 
ings cannot. Like sensations feelings may vary in quality, in 
intensity, in duration, but they do not vary in anything 
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corresponding to sensible clearness, and this because thev can. 
not be attended to in the way sensations can. 

In spite of the fact that feelings and sensations differ from 
one another in all these ways, and of the fact that no one has 
any difficulty in concrete experience in distinguishing between 
a feeling of pleasure and a sensation, say, of blueness, there are 
nevertheless, reasons for the psychological difficulties and con' 
troversies regarding feeling. On the one hand, every sensation 
possesses a feeling “ tone,*’ that is, is accompanied by a feeling 
of agreeableness or the reverse, and this has led some psycholo¬ 
gists to class feeling with the attributes or aspects of sensation 
thus denying it any status as a separate element of experience! 
On the other hand, feelings in their turn are always accompanied 
by diffuse organic changes, and this has led other psychologists 
to identify feelings with rudimentary and obscure organic 
sensations. Needless to say, the fact that two phenomena 
invariably occur together does not prove that they are identical. 

The Simple Feelings. —There has been much discussion re¬ 
garding the feeling elements, and at least one important attempt 
has been made to settle the question on an experimental basis. 
Wundt claimed that feeling may vary between opposites in 
any of three directions, the opposites being: strain and relief, 
excitement and depression, pleasure and displeasure. This is 
Wundt’s tri-dimensional theory of feeling. He claimed, also, 
that the pulse and respiration of subjects showed distinctly 
the three dimensions of feeling. Thus he found that strain is 
accompanied by diminution of pulse in strength and in rate, 
and diminution of respiration in amplitude and in rate, while 
relief shows an increase in all four respects ; excitement shows 
an increase in strength, but no change in rate of pulse, with 
increase in amplitude and in rate of respiration, while depression 
shows diminution in strength and no change in rate of pulse, 
with diminution in amplitude and in rate of respiration; 
pleasure is accompanied by increase in strength and diminution 
in rate of pulse, with diminution in amplitude and increase in 
rate of respiration, while displeasure gives diminution in strength 
and increase in rate of pulse, with increase in amplitude and 
diminution in rate of respiration. The relations are best seen 
in a table:— 
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sublets Again and again it has happened that worker, s« 
different laboratories, working on the same problem have m 

fn^h/'S 7 .° pp0Slte results »the results in each case support 

so often, in experiments depending on introspection, get out of 
the experiment what we have ourselves put into it. 

The simplest and crudest of the methods of impression may 
be designated the Method of Choice. In this case a number of 
objects are simultaneously presented to the subject, and he is 
asked to choose the object that gives rise to the most agreeable 
or the most disagreeable feeling. This method is experimentally 
of little value owing to the fact that it leaves the conditions so 
complex that analysis is all but impossible, either of the condi¬ 
tions determining choice or preference, or of the elementary 
phenomena of feeling. It is true that interesting points may 
be brought out by the introspection of the subject, but with 
the conditions so complex it is difficult for the introspection to 
be anything but unsystematic. The whole nature of the ex¬ 
periment is, so to speak, haphazard. 

The best method for throwing light upon the elementary 
phenomena of feeling by means of the introspection of the subject 
is the Method of Single Exposures or the Serial Method. This 
method enables us to concentrate attention on the individual 


problems of our affective experience in a much more adequate 
way than any other of the methods of impression, and many 
valuable investigations have been based upon it. The stimuli 
are presented singly, and the presentation may be continued 
as long as the suoject desires. They usually consist of simple 
sensory stimuli affecting any one of the sense organs. The 
subject is required to introspect as closely as possible, concen¬ 
trating attention on the feeling aspect, and to describe his 
experience in full detail. 


One of the most elaborate investigations by the Serial 
Method is that carried out by Wohlgemuth. He employed 
thirty-one different stimuli, tactile, olfactory, gustatory, audi- 
tory, visual, and painful. As illustrations of the type of stimulus 
the following might be cited : tactile —powder-puff, velvet, sand¬ 
paper ; olfactory —vanilin, musk, scatol; gustatory —chocolate, 
quinine, acetic acid; auditory —tuning fork of 256, Gallon 
whistle, scraping noise with piece of wood on a cigar box; 
visual —coloured papers ; painful —prick on dorsal surface of 
the hand with a bristle, pinch with broad-pointed forceps. 
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Unfortunately, other investigators have failed to confirm 
Wundt’s results. On all grounds, experimental and introspec¬ 
tive alike, we seem compelled to take the view that strain, 
relief, excitement, depression, in Wundt’s scheme, are complex 
states of the organism rather than simple feeling states. 

Experimental methods for the study of feeling fall into two 
main classes, according as attention is concentrated on the ex¬ 
perience of the subject, or on the external behaviour and organic 
changes which accompany that experience. The two proups 
of methods are known as methods of impression and methods of 
expression respectively. For the present we shall confine dis¬ 
cussion to the former, leaving the methods of expression to be 
described when we come to deal with the emotions in the next 

section of this chapter. . 

Methods of Intptession .—In experimental work on the ieel- 

Jugg^ in which any one of the methods of impression is employed f 
the introspection of the subject is nearly always of first import 
ance Introspection of our feelings is, as we have seen, a some- 
what difficult task. Hence, in order to get reliable results in 
this field, the subjects must be very carefully selected. Most 
of the standard work, indeed, has been done with subjects who 
were themselves expert psychologists. The same kind of thing 
has happened as regards most of the work on the thought 
processes, as we shall have occasion to note later. It is by no 
means certain that this is all gain in either case. In both 
cases the field is a highly-controversial one, and few psycholo¬ 
gists will come to the work without having already adopted one 
or other of the theories. Psychologists themselves will be the 
first to acknowledge that too much weight must not be attached 
to introspective results in such circumstances, especially where 
the results support the previously accepted theories of the 
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The following is a typical infrospectmn with Ae stmulus rasp^ 

berry syrup : “ First pleasant 

"ent rsenXn. Sp^acul" an/passivi attitude. Witt. 
Xrt swaUowed. wondering how inTiU characfer 

a Pl ™ S' ZZaT&ZZ element which ^ wouM 

S^eous 51 w k !t y h ^r^a^»y for some 

tim h'is not necessary that single stimuli be given in the case 
of the Serial Method. The stimuli may be given in P a ‘ rs - *' th " 

simultaneously .or successively, i^ which case^ p -£ 

invest'gtto/afte^the presentation of the stimuli singly, they 

were presented in pairs,'W pairs of stimuli affecting the same 
sense and similar in quality, then pairs ^‘^dn/different 

senses In some cases the stimuli were presented simultaneously, 

in other cases they had to be presented successively 

A third method, also of great value is the Method of Paired 

Comparison. In this method the stimuli are presented p > 
the subject being asked to say which of the two gives nse tot he 
more agreeable or the more disagreeable experience ; or it may 
be simply which he prefers. The method may be employed 

like the last for the study of the elementary P hen °J ne " a 
feeling. It is more usually employed, however, for the deter¬ 
mination of the conditions underlying our likes and dislikes. 
Hence this method has come to be one of the chief expenmenta 
methods in studying aesthetic feelings, and might almost e 

said to be the basis of experimental aesthetics. 

Since this method involves a comparison of two stimuli, it 

is evident that constant errors like the time and space errors 
must be taken into account. If the stimuli are presented succes¬ 
sively then it may make a difference which is presented firs , 1 
they are presented simultaneously, they cannot be presented at 
the same point in space, and the spatial arrangement may 
influence the affective experience produced. Hence, as in the 


1 The British Journal of Psychology Monograph Supplements , vi 
(“ Pleasure—Unpleasure ”), p. 25. 
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case of the psycho-physical methods, steps must be taken to 
eliminate, and, if desirable, estimate the influence of these 
constant factors. The Same procedure is adopted as with the 
psycho-physical methods. If the presentation is successive, 
then each comparison pair is presented in both time orders, 
if the presentation is simultaneous, in both spatial arrangements. 
Where a quantitative result is sought, the experiment must be 
conducted with the same care, precision, and rigid adherence to 
similar conditions of presentation, as when we are using one 
of the psycho-physical methods to determine a differential 
threshold. “ Side'comparisons ” and ‘‘absolute impressions,” 
or phenomena more or less analogous to these, will frequently 
be found to influence the results. For this reason presentation 
of the pairs in haphazard order will generally be found to give 
more reliable results than systematic presentation with one 
stimulus as standard in one series, another as standard in a 

second series, and so on. 

We shall require to return to the consideration of some of 
these methods later, when we come to deal with aesthetic feelings. 
In the meantime the chief results obtained from the study by 
means of methods of impression of the simple feelings may be 
briefly summarized. With sense stimuli feeling has been found 
to depend on the quality, the intensity, and the duration of the 
stimulus. The more immediate dependence is, as one would 
expect, on the quality of the stimulus. The quality remaining 
constant however, feeling varies with the intensity, and with 
the duration. As regards intensity, the general principle is 
that weak stimuli are indifferent (relatively), moderate stimuli 
pleasant, strong stimuli unpleasant. ‘‘ Weak,” “ moderate, 
and “ strong ” are relative terms varying with the quality of 
the stimulus. In fact, we require almost to take the feeling 
tone produced as the criterion of the intensity in order to define 
the terms in this connection. The same general principle holds 
with respect to duration or protensity. In the case both of 
intensity and of duration the low degrees may be unpleasant, 
rather than indifferent, owing to the strain imposed on the 
attention of the subject, or to something akin to disappoint¬ 
ment. Intensity and duration, as it were, combine their etiects, 
though the phenomena sometimes become rather complex. 

We have already alluded to the controversies with respect 
to mixed feelings, and with respect to feeling imagery. The 
attempts to study the problems experimentally have, so tar, 
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f .. . _ c „ nle the Questions at issue. With respect to mixed 
faded to e mut ^ M a resu lt of the investigation already 

f > !f^nmes to the definite conclusion that they exist, but there 
Re peat individual differences in the A^era he also 

come^tcTa definite conclusicm^but in the opposite sense.' “ There 

.. he savs •• on the affective side of consciousness to 

correspond with the 

spedalty 1 prom'i?enriB recent times, »’ the q^tionofthe 
effect of "feeling on remembering. Freudian psychologists 
maintain that there is a tendency to get nd of unpleasant 

certain pans 5 the Freudian theory. Woh gemu h o the 

basis of certain other experiments, came tonhe c0 “=*“ be 

there is no such tendency for unpleasant experiences 

forgotten* It is very doubtful whether we can attach veiy 
much weieht to the experiments in question. In any case the 
unDleasant experiences of which Freudians speak seem different 
“n nafure from those to which Wohlgemuth’s experiment is 

relevant. 

The Emotions 

Verv important experimental work has, in recent times, 
been dcme on the emotions. Much of this work is physiologica 
rather than psychological in the first instance, but nearly al 
of it has a psychological bearing, and some brief notice must, 
therefore be taken here, even of those investigations which o 
not fall directly within the sphere of experimental psychology. 

There is no general agreement among psychologists as^to 
how ** emotion " should be defined. Kiilpe defines it as a 
fusion of feeling and organic sensations,” Hoffding as “ pleasure- 
pain in association with the idea of its cause.” According to 
Sully it is 14 a mass of sensuous and representative material with 
a predominant affective tone,” according to Ward a complete 
psychosis involving cognition, pleasure-pain, and conation.” 
The one thing that is clear—and these definitions may be cited 
in evidence—is that emotion is a complex, not a simple elemen- 

j » * ■ 


tary, mental state. Under these circumstances description is 
more useful and appropriate than definition. An emotional 

state is characterized by :— 


* Op. dt p. 220. 
13 


s Brit.Joum. of Psych ., vol. xiii., p. 405 
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1. A more or less pronounced affective tone—pleasure-un- 

pleasure—experienced in connection with some object or situa¬ 
tion. 

2. A diffuse stimulation of organic processes, involving pulse 
respiration, glandular secretions, which is usually spoken of as 
the organic resonance of the emotion, but which, according to 
the James-Lange theory, is identified with the emotion itself. 

3. A narrowing and specializing of consciousness, both on 
the cognitive and on the conative side, the consequence of what 
we may call ** emotional dissociation.” 

4. An impulsive force. 

The basis of the experimental study of human emotion is, 
in the main, the second of these characteristics, that is, the 
organic resonance. This experimental study may be said to 
present two phases, the one, largely physiological, represented 
by work, like that of Pavlov, Bechterew, Cannon, and others, 
aiming at the analysis of the various organic processes, the 
other both physiological and psychological, utilizing the organic 
resonance for the study of the emotional state. We shall 
consider each of these phases in turn. 

Bodily Effects of Emotion. —In his book The Bodily Effects 

of Pain , Hunger , Fear f and Rage , Cannon has given an admirable 
account of the recent work that has been done in this field, and 
the manner in which this kind of investigation has developed. 
The real development may be said to have begun with the work 
of Pavlov on the salivary reflex, which has been alluded to in a 
previous chapter. By means of Lashley’s apparatus 1 for col¬ 
lecting the flow of saliva through Stenson’s duct, work analogous 
to Pavlov’s can be done with the human subject. Up to the 
present the amount of this kind of work actually done is incon¬ 
siderable, but some results are available, and experiments on 
animals yield results which are probably, in most cases, valid 
for the human being. The indications are that all emotional 
states affect the activity of the salivary glands. The emotions 
hitherto studied have all been emotions of characteristically 
negative polarity. In such cases the secretion of saliva is dimin¬ 
ished or inhibited. There is a fair presumption that emotions 
of an opposite, or positive , 2 polarity will produce the opposite 
effect, but practically no experimental evidence. 

1 Watson, Psychology from the Standpoint of a Behaviourist . 

8 The two polarities of feeling have already been noted.^ They might 
be called positive and negative respectively. See Drever, Instinct tn Man or 

Psychology of Education. 
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In addition to salivary secretion, Pavlov and his co¬ 
workers studied also gastric secretion. Similar results were 
obtained. Other workers have extended these investigations 
so as to include movements of the walls of the alimentary canal 
during the digestive process. X-ray photography must be 
employed to study these movements. Practically the whole 
process of digestion, therefore, has been studied in connection 
with emotional states. The general result so far obtained is 
that emotional disturbances of a negative polarity (that is, 
disagreeable) involve disturbance of the digestive function in 
all its aspects. The flow of saliva is diminished or altogether 
inhibited, and its chemical composition altered; the flow of 
gastric juices is similarly diminished or inhibited, and altered 
chemically; and the digestive movements tend to cease. 

An interesting extension of this work is the study of the 
secretions of the endocrine, or ductless, glands, and particu¬ 
larly the adrenal glands, in consequence of emotional excite¬ 
ment. Much valuable work in this field has been done by Cannon. 
It had already been noted by various observers that the effect 
of emotional excitement on salivary and gastric secretion did 
not disappear immediately when the excitement subsided, or at 
least when its cause was removed, but frequently lasted’ for a 
considerable period of time. This fact suggested to Cannon the 
possibility that emotional excitement might involve an in¬ 
creased secretion of adrenin, and that this adrenin in the blood 
might have the effect of prolonging the inhibition of the activity 
of the digestive glands after the emotional excitement itself had 
isappeared. By testing the blood for adrenin after a period of 
emotional excitement, Cannon succeeded in showing that the 
quantity of adrenin in the blood is greatly increased as a result 
of strong emotion. Some of the effects produced by injecting 
adrenm ,nto the blood had long been known. It was known 

fu US K d j th j- lv ? 1 r P ass su S ar int0 th e blood, that it 

altered the body distribution of blood, that it made the blood 
eidar f 0agu ab £>. that 11 tended towards the elimination of mus- 

of adrenin in the Mn 7 °"° . e f itement increases the amount 

^ese other bodily Sek’s 51 ^ “ 3 te " d t0 P r0duce 

The influence of adrenal secretion in producing glycosuria 
sugar in the urine) had been the subject of considerable coi 

ff 10 estaDiisn tne fact. In some experiments with 
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cats he removed the adrenal capsules and found that emotional 

excitement no longer produced glycosuria. Since emotional 

excitement is known to produce glycosuria in cats as in human 

beings under normal conditions, the presumption is strong that 

the glycosuria is produced as a secondary result of the activitv 
of the adrenal glands in emotion. 

The method by which Cannon demonstrated the influence 
of adrenin in increasing the coagulability of the blood was very 
ingenious, and is worth describing as more or less typical of 
this kind of experimental work on the emotions. The coagula¬ 
tion time was recorded graphically by means of a light lever 
attached at one end to a vertical copper wire dipping in the 
blood, and almost counterpoised at the other end by a weight. 
The lever was allowed to rise every second at the lighter marking 
end, the copper wire passing into the blood to be studied. As 
soon, however, as the blood coagulated sufficiently to support 
30 milligrams—the difference in weight between the two arms— 
the movement of the wire was checked, and the lever refused to 
rise. The record on the smoked surface thus recorded the co¬ 
agulation time in seconds. Blood was drawn from the animal 
under normal conditions, and the time of coagulation recorded; 
and then blood was drawn after subcutaneous or intravenous 
injection of adrenin, and the time of coagulation again recorded. 
Cannon thinks that the more rapid coagulation following the 
injection of adrenin is not a direct effect on the blood, but is due 
probably to an initial effect on the liver. That the effect is 
produced by adrenin is certain. It is also certain, as a result ol 
Cannon’s experiments, that in a condition of emotional excite¬ 
ment the coagulability of the blood is increased. 

The biological significance of the organic changes brought 
about by emotional excitement, and particularly of the activity 
of the adrenal glands, seems quite clear. The organic response 
is a biologically useful response. The increased sugar in the 
blood is available as a source of muscular energy. The vascular 
changes produced by adrenin are favourable to strenuous 
muscular exertion, as are the changes in respiration which take 
place. Even the more rapid coagulation of the blood possesses 
high biological utility under the conditions of primitive life, 
since it prevents loss of blood by wounds sustained in combat. 

Cannon’s investigations were confined to the bodily changes 
manifested in states of hunger, pain, fear, and rage. In all 
these cases we might describe the changes taking place as a 
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_KiiiTtttjmi of all the bodily resources in face of a situation de- 

anding every effort of which the organism is «pable in t e 
interest of individual preservation. It is worth noting that 

Darwin, in his investigation of the laws of e ”? ot '° n * 1 ^-folTof 
found the main law to be what he termed the prmaple of 

serviceable associated habits," 1 that is, o£ bmlogicany 'use 
reactions. The characteristic movements, attitudes, and facial 
expressions, accompanying emotionalexcitement, may thus be 
brought under the same general rubric as the more obscure 
changes in the involuntary muscles and glands. Phenomena 
like flushing or paling of the face are, of course, the results of 
the organic changes. But the complete picture of t e emotion, 
which we see and recognize in the case of all the stronger and 
more violent emotions, is also produced by the contraction of 
various groups of voluntary muscles. There is, for example, 
the clenching or baring of the teeth in anger preparatory, 
according to Darwin’s view, for actual attack with the teeth. 

In the same way the changes in pulse and respiration may, 
as we have seen, be also regarded as biologically useful reactions, 
so that practically all the bodily processes involved in emotional 
excitement, from changes in facial expression to changes in the 
secretion activity of the adrenal glands, can be brought under 
the same principle. The same can be said of the mental pro¬ 
cesses involved so long as the emotion does not reach too high 
a degree of intensity. There is a powerful impulse to action 
with dissociation affecting all lines of thought and action which 
are not relevant to the emotional state and its end. 

Methods of Expression. —The study of feeling and emotion 
on the basis of the external behaviour and the bodily changes 
produced is the natural and necessary supplement of the methods 
of impression already described in the preceding section. Methods 
of expression are the only methods used by the behaviourist 
school, and, as far as the emotions are concerned, must always 
be the chief methods of the experimentalist, whether he is a 
behaviourist or not. The phenomena usually studied in this 
connection are: the changes in respiration, and in the rate and 
amplitude of the pulse, involuntary movements, voluntary 
muscular contraction, blood pressure, the psycho-galvanic re¬ 
sponse, and free association, the method employed in any case 
being appropriate to the particular phenomena studied. 


1 Expression of the Emotions , p. 28. 
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and P u lse are j tudied in practically the same 

way that is, by graphic record on a smoked drum. In order 
to obtain such a record two tambours, or small rubber-faced 
chambers, are employed—a receiving tambour and a recording 
tambour—connected by rubber tubing. For recording respira¬ 
tion the receiving tambour, or pneumograph, may take a varietv 

°l fo rr- The e f ential P° int is that inspiration and expiration 

s hoald change the air pressure within a chamber closed by a 
rubber membrane, and that those changes should be transmitted 
to another chamber with a rubber membrane, upon which a 
light lever rests. By the changes of pressure the lever is moved 
up and down with the breathing of the subject, and it marks 
the curve of breathing on the surface of a smoked drum. For 
recording the pulse a capsule, attached to, or resting against 
the rubber membrane, is placed on the wrist, so as to receive 
the pulse beat, and the other arrangements are similar to those 
for recording respiration. In place of a receiving tambour an 
inflated rubber band may be used, this being fastened round the 
wrist. Either receiving tambour or rubber band is called a 
sphygmograph . Blood pressure is measured by means of the 
sphygmomanometer. An armlet, as just described, is placed 
round the wrist. This is inflated, and the air pressure increased, 
till the pulse in the wrist is just abolished. By any suitable 
manometer a continuous record can be obtained of the increasing 
pressure in the armlet, which is connected to the manometer 


in place of a recording tambour, and that pressure at which the 
pulse just disappears is the blood pressure. 

Involuntary movement is studied by means of the automato- 
graph, which is merely a planchette with a laboratory name. 
It is simply a light board, on which the arm rests comfortably, 
suspended from the four corners, so as to swing freely, and 
provided with a stylus for marking on the smoked surface 
placed underneath. The subject rests his right arm on the board, 
and tries to take up as comfortable and as natural a position as 
possible. The stylus is then brought in contact with the smoked 
surface, and the “ normal tremor M of the subject recorded. 
It is very important that the subject should be as nearly as 
possible affectively indifferent when this is being taken. The 
comparison of this with the record under affective conditions 
gives us our results. Voluntary muscular contraction may be 
studied either by means of the dynamometer or dynamograph , or 
by means of the ergograph. The former is, perhaps, preferable. 
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The dynamometer is an apparatus for measuring strength of 
muscular contraction—usually strength of grip—the dynamo- 
graph merely a modification so as to obtain a graphic record* 
We begin by taking the subject’s normal curves for a given 
period of time. This serves as a basis of comparison for the 

curves obtained under affective conditions. 

The psycho-galvanic response, or “ reflex,” has recently 
come into considerable prominence in connection with the ex¬ 
perimental investigation of emotion. Whether it is what some 



1 I Battery (2 volts). 
Fig. 12. 


investigators claim for it 1 or not, it is certainly a very interest¬ 
ing phenomenon. It depends upon the fact that the electrical 
resistance of the skin is diminished as a result of affective dis¬ 
turbance. The simplest arrangement by which it may be 
demonstrated is for the subject to have his left arm placed in 
one arm of a Wheatstone bridge and balanced against a variable 
resistance, the constant arms being arranged with resistances 
in the ratio 10 to 1. (See Fig. 12.) A mirror galvanometer is 
used, and the deflection of the spot of light on the scale indicates 

1 See, for a somewhat extreme view, The Measurement of Emotion . bv 
W. Whately Smith. 
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any change of resistance in the hand, the amount of the change 
being approximately shown by the amount of the deflection 
Practically any stimulus given to the subject will cause a deflec¬ 
tion and always in a direction indicating loweringof the resistance 
ot the hand, but the most striking results are obtained when 
the subject is asked to reply to a stimulus word with the word 
that first comes to mind, that is, by combining the free associa- 
tion experiment with the psycho-galvanic experiment. There 
is always a latent time between the giving of the stimulus and 
the swing of the spot of light on the scale. This latent time is 
commonly about two seconds, but it varies with different in¬ 
dividuals, and possibly, also, under other conditions. So con¬ 
stant is this phenomenon of the latent time that it always enables 
us to distinguish between the deflection due to the psycho¬ 
galvanic response, and other more or less accidental deflections, 

due often to slight movements of the hand, or of the muscles 
of the hand. 

The word-association method of investigating emotion has 
been employed practically on an extensive scale in connection 
with the analysis of neurotic symptoms. Its employment for 
this purpose depends on the fact that emotional excitement 
shows itself by certain disturbances in the response of the sub¬ 
ject to various stimulus words. The phenomena might be 
called phenomena of emotional interference. There may be 
considerable lengthening of the time taken to respond, or failure 
to respond altogether or to reproduce a response previously 
given, to certain stimulus words. Or, again, the emotion may 
show itself in the type of response given. We shall have to 
return to the association method later. 

Some investigations have been carried out on the condition* 
ing of emotional responses in the case of very young children, 
the results of which may be variously interpreted according to 
the theory of emotion held, but are at least of considerable 
interest on any theory.- Thus Watson and Rayner 1 found that 
a child of eight months responded with the fear reaction to the 
loud noise made by striking a suspended steel bar with a hammer. 
At eleven months the conditioning experiments were begun. 
The child initially showed no fear of a white rat, but as he touched 
the rat the bar was struck. The fear response was at once given. 
This double stimulus was repeated once the same day and five 
times a week later, when it was found that the fear response was 

•m 

1 Journal of Experimental Psychology, vol. iii., p. I. 
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«►»by r 5* 

fssi'wr.”s“ ip— ~ ■•'" ■»—* * 

month later. 

The Aesthetic Feelings 


Experimental iEsthetics.-^sthetic feelings m ^ ct J\ rt 
are feelings evoked by ^ “"'^pteure derived from 

which are due neit er P and emot ions evoked sympa- 

thetically by what >s ^f^Lnce of the ' object contem- 
association based on ^past are in their esse ntial nature 

P a new type° of 

experimental study of aesthetic feelings is not confined to the 

understood in the wider popular sense of any feelings evoked 

by contemplation of the products of any of the fine^arits wdfcout 

of studv has been called experimental asthetics. From the 
objective point of view it may be described 

subjective as the analysis of aesthetic experience, that is, of our 

appreciation of the beautiful in art. , < . 

Experiment in the field of the aesthetic, as ■" other fields 

must commence with the simplest elemen s. c g y, 

main work done up to the present has been concerned w th the 
study of preference for simple colours, simple combination 
colour simple forms, musical intervals, rhythms, together with 
a study of the reasons for such preference. Some experimen a 
work has been done with more complex material, as pictures ana 
musical compositions, but the more complex material has tende 
to obscure rather than illumine the main lines of aesthetic ex¬ 
perience. As a matter of fact, the chief types of aesthetic en¬ 
joyment, and the main principles, so far disclosed, upon which 
aesthetic enjoyment depends, may be revealed in experiments 

with simple colours or simple forms. . . 

Let us begin by considering the pleasure derived from colour, 
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and the conditions upon which colour preference depends. An 
important investigation by E. Bullough 1 into the reasons why 
colours are liked or disliked was carried out by the serial method 
which has already been described in the first section of the 
present chapter. He employed in all seventy different hues 
shades, and tints. The subject looked through a circular aper¬ 
ture at the colour, which was in bright and constant light, and 
had to say whether he liked or disliked it, and his reason for 
liking or disliking. It was found that the subjects—thirty-five 
in all—fell into four groups according to the aspect of the colour 
determining their like or dislike. We may provisionally speak 
of four cesthetic types : (i) The first type liked or disliked a 
colour for its objective qualities as a colour, i.e. because it was 
saturated, or pure, or bright, or thin, or dull. This might be 
called the objective type. (2) The second type -liked or disliked 
a colour because of its physiological effect on the observer, i.e. 
because it was stimulating, or soothing, or depressing. This 
physiological effect of colours had already been demonstrated 
by several investigators, notably by Fdr6, who showed that the 
strength of grip was affected by colour stimuli. This type 
might be called the physiological type. (3) The third group liked 
or disliked a colour because of its association with some agree¬ 
able or disagreeable object or event in their experience. We 
may call this the associative type. (4) The like or dislike of the 
fourth group was determined by what Bullough calls the 
“ character ” aspect of a colour. Colours were regarded almost 
as if they were persons, and characters attributed to them, as 
jovial, sympathetic, stubborn, aggressive. This type we may 
call the empathy type. 

It is a little misleading to speak of types, at least if this 
suggests that subjects fall into four mutually exclusive classes. 
As a matter of fact subjects frequently gave at one time reasons 
for their like or dislike which would mark them off as belonging 
to one type, while at another time they gave reasons character¬ 
istic of quite a different type. The four types of appeal, how¬ 
ever, which colour may make, or the four aspects of colour 
which may evoke feeling, are quite clear. These four types of 
appeal may be regarded as representing stages of aesthetic 
development, of which the physiological type represents the 
lowest, the empathy type the highest. The latter alone is the 


1 British Journal of Psychology, vol. ii. 
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Anoiner -, 

preference is the metho 
been already described. 


V sense of the term. Only so fax 

anneal in the strictest _ . • euch manner as to 

M we become absorbed m an o g* ^ do we have the 

identify ourselves with it, ro v* 

truly aesthetic experience. i 0 yed in the study of colour 

truiy _ A fh t ma y employ w . . h has also 

is the method that must be em 
This is uie mew* The colours 

liable quantita v colour twice with 

,~ 3 - oresented in pairs, every colour * t h c 

;o be compared are P res «“ colours bring interchanged tne 

“very other, the places . „ spaC e error. It is im- 

lecond time in order to ehmmate V shou ld be kept 

portant that all the co " d J!' on J je P ct expresses preference by 

pointing to the colour preferred andtews ^ i their 

for the preference. In «rd« t ^ ^ experiment, all that is 
order of preference at th o{ pre f er ences given to each. 

necessary is to add up between two colours, each of the 

Where there is no preference b without saying 

colours will, of course, score a hall. g ^ shades 

that the results are valid only for the prec . ^ ^ o{ the dis . 

used, and this fact must be ^ep different investigators. 

crepancies between bureh George Combe Laboratory, 

In an investigation in the Edin g B the co ] ours used were 

W d h ’ttrveUow bluT violet, and purple (aU saturated colours 

of the Bradley series)'. These colours j w l “ m 

order: blue, violet grcen, y« lo *' r ^ P red P ’ e Uow, green, by 
and in the order: blue, violet, purple red, j_euo , g j > 

The actual preferences given to eacti colour, 


the men. 


' -- —-—- i 

•lv L .„m 1 Men. 

1 W omen. i 

l ' ----—~i 

1 Blue . * .6*5 j 

Violet . . * 6 ! 

1 Green . • ■ 5 7 

1 Yellow . .4*7 

Red . • • 3* 8 

I Purple • • 3'6 

Blue • .6-8 

Violet . • 5’ 1 

Purple • *51 

Red - .47 

j Yellow • • 4'4 1 

Green . • 3 9 l 


Apart from blue and violet, wmen tena to uc 
second respectively by both men and women, it will be ob¬ 
served that there is a somew’hat remarkable reversa o or cr 
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as regards the other colours. It will also be noted that bln. 
gets a clearer preference over violet from the men than from 

the women With the former violet is only slTghtly su„e °o“ 

colour (green) in the case of the latter. This experiment h« 

been repeated with the graduating class in psychology for 

several years, and, while the general results have remained 

fairly constant, it has been found that the preference, especially 

oi the women, is considerably influenced by the fact that a 

particular colour happens to be popular or fashionable at the 

time. Another interesting point that has emerged is that every 

colour has its votaries, and there is considerable constancy as 

regards the arrangement of the other colours among those who 
prefer any one colour. 8 


A number of investigators, using different methods, have 
studied the colour preferences of children of various ages. 
Valentine, using a paired comparison method adapted to the 
situation, based on the time the child looked at different colours 
found for a child of three and a half months the following order 
of preference: yellow, white, pink, red, brown, black, blue, 
green, violet. 1 Generally speaking, investigators have found 
that yellows and reds are the preferred colours with very young 
children. Winch, using much cruder methods, investigated 
the colour preferences of children at different stages of their 
school career, and found that blue very soon takes front rank, 
but red retains second place with both boys and girls, while 
green is very low with the younger children, but gradually 
moves up the list. Among adults green tends to take a place 
alongside of blue. The method employed, however, was open 
to serious criticism. Winch asked his subjects, children and 
adults alike, to write down the colours: white, black, red, 
green, yellow, blue, in the order in which they liked them. 8 
Most experimenters will agree that results obtained under these 
conditions may mean very little. 

Combinations of colours may be experimentally investi¬ 
gated in the same way as individual colours. Bullough, in 
another important series of experiments with two colours, 3 
studied the effect of the apparent heaviness of colours in deter¬ 
mining preference for a certain spatial arrangement of the 
colours. He employed the geometrical forms, triangle, circle, 


1 British Journal of Psychology, vol. vi. 

8 Ibid ., vol. ii. 


2 Ibid., vol. iii. 
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and square. The upper and lower halves of the figures were 
occupied by the two colours respectively. In most cases 
preference was given by the subjects to that figure in which 
the heavy colour was below. In general, the heavy colour was 
the darker or more saturated colour, but sometimes this objective 
we ight was more than counterbalanced by a subjective weight, 
^ for Sample, preference for a certain colour. It cannot be 
doubted that this weight principle is of very considerable im¬ 
portance in determining aesthetic experience, with complex 
as with simple objects, and we shall have other examples 

tlv 

In pictorial art we are concerned with beauty of form as 
well as beauty of colour. The same methods have been applied 
to the study of the conditions determining preference of elemen* 
tary forms, that is, simple straight lines and curves.^ In very 
many cases subjects, while expressing a distinct liking or the 
reverse for a line or curve, were unable to give any definite 
reason for this feeling. When, however, reasons were given 
they were of the same kind as with colours. In particular, 
associations were found to play a very important part in ^deter¬ 
mining feeling. So, also, the suggestion of movement in the 
lines frequently determined feeling. This last we might regard 
as analogous to the empathy aspect of colour. At this point 
experimental work on the aesthetic feelings touches closely on 
the experimental work on the geometrical optical illusions, 

which we have already discussed. 

Somewhat more complex test material, consisting of figures 
formed of two or more lines, has also been employed, and in 
connection with such material a second important aesthetic 
principle has emerged. This may be called the principle of 
symmetry or balance , and may be regarded as analogous—or, 
perhaps, complementary rather—in the sphere of form to the 
weight principle in the sphere of colour. In dividing a line into 
two parts, in placing two lines of the same or different lengths 
inside a rectangle, in placing two lines of unequal lengths, one 
on either side of a third line, subjects are found to express 
marked preference for a certain arrangement which seems to 
them symmetrical. In dividing a line, for example, a symmet¬ 
rical effect could be obtained, and was obtained most frequently, 
when the line was unequally divided. It has been maintained 
that this symmetrical division always corresponds to what is 
known as the “ golden section,** that is, division so that the 
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whole line bears the same ratio to the larger part as the larger 
part to the smaller. Careful investigation, however, has failed 
to substantiate this view. It has been found that there is 
considerable diversity in the divisions approved by different 
subjects. In any case the shorter part, somehow, gets more 
weight than the longer, sometimes even to the extent of produc¬ 
ing an illusion that it is thicker, and the increased weight is the 
basis of the symmetry, balance, or equilibrium. So, again, if 
two lines, one of which is double the length of the other, arc to 
be placed vertically inside a rectangle, that arrangement is 
preferred in which the shorter line is double the distance of the 
longer from the middle point of the rectangle. In this case, 
it is interesting to note, the respective positions of the lines are 
those of mechanical equilibrium. 

This principle of symmetry has been found to have a wide 
application in the arrangement of pictures on a wall, or of 
furniture in a room. It is also exemplified in all great pictures. 
In all these cases the balance or symmetry most frequently 
depends on the operation in various ways of the weight principle , 
and sometimes the conditions are very complex. In placing 
a small picture and a large picture on the same wall, we do not 
necessarily place them in a position corresponding to that of 
mechanical equilibrium with reference to the middle point of 
the wall. A crude taste might, indeed, so arrange them. Most 
frequently, however, subjective factors, rather than objective 
factors like size, determine the relative weights of the pictures, 
and they are arranged accordingly. In the same way the balance 
of a great picture is rarely, if ever, a mechanical balance, or even 
approximately so. Subjective interest determines weights in the 
different parts, and the picture is a symmetrical whole by the 

balancing of these. . . 

The dependence of aesthetic appreciation upon the principle 

of symmetry would appear to indicate that aesthetic experience 
depends on intellectual or cognitive, as well as affective, factors. 
This is doubtless true. At the same time it is not difficult to 
see how empathetically evoked feeling would be affected by 
symmetry. Technique also enters as a factor determining 

aesthetic enjoyment, especially that of the expert, and 
this would appear to introduce a cognitive factor, but one which 

will indirectly affect empathetically evoked feeling. 

Experimental work has also been done in the auditory field 
with musical sounds and rhythm. The same methods have 


FEELING AND EMOTION 


207 


ait 

Ute and dislikes, as BuUough found with colours. Sometimes 
the objective aspect, sometimes the physiological or subjec , 

sometimes association, sometimes empathy, determined^ the 

affective response. The order of preference ■ t j.! r j 

to be the most agreeable to his subjects, and the minor second 
the most disagreeable. He also found in a prolonged experi¬ 
ment that the affective value of intervals which werejdiMgre* 
able to begin with, underwent a remarkable change as 
experiment proceeded, so that ultimately they ^ rCC 

able. Attempts to use complex material in this field have, so 
far led to little definite result. For example, an attempt to 
determine the extent to which music is definitely expressive of 
certain emotions gave very inconsistent results. 


1 British Journal of Psychology , vol. vi. 



CHAPTER XII 

IMAGERY AND ASSOCIATION 

A N image may be briefly defined as a revived percept with¬ 
out stimulation of the sense organs from an external 
source. Of course, this definition is not accurate, since 
an image, ex hypothesi, is not a percept. Essentially, however, 
it is of the same order of experience as a percept. Thorndike 
! defines images as “ feelings of things, qualities, and conditions 
( of all sorts as not present.” 1 It is very questionable whether 
the qualification as not present ” ought to have been appended 
instead of the more usual ** not affecting the sense organs at 
the moment.” The essential point to keep in mind is that the 
content of a sense experience—a sight, sound, touch, and so on 
—may be revived later, when the sense stimuli are absent; 
in such case it is revived as “ image.” Or, if we speak in terms 
of situations rather than sensations or sense percepts, the 
representation of a situation without actual restimulation of 
the sense organs from without is in the form of an image, 
whereas its presentation , based on stimulation of the sense 
organs is in the form of a percept. Hence the level of mental 
life at which mental process is carried on by means of images 
is spoken of as the level of ideal representation. 

An excellent way of realizing the nature of the image, and 
the ways in which it differs from the percept, and also from what 
has been erroneously termed an “ after-image,” is to look for a 
little—say a quarter of a minute—at a circular piece of paper, 
one-half of which is coloured blue, and the other half yellow, 
placed on a large sheet of grey paper. At the expiry of the 
quarter of a minute let the piece of paper be withdrawn, but 
continue to look at the grey surface where it lay. There is, 
first of all, a percept of the blue and yellow paper. This is 
followed on the withdrawal of the paper by a succession of 
so-called after-images in the complementary colours, these 

1 Elements of Psychology, p. 43. 
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colours gradually becoming less ^d 'ess saturated h 
is no longer any.trace of a “^ ured g ' a5 it originally lay 

° n the S andirde away ultimauly but its facing away 

Vta ofa different kind from the fading away of the after- 

S aTwmwith a c rta“ degree of Vividness, though not, 

» hfnf the same vividness as at first. Here, then, we have a 

series of experiences, a sense percept based directly on sensation, 
a su^cS of after-images, which are really after-sensations, 

the Priory memory image, which is a real image, and a succes- 

rlS S. off 5 .“ Sf 'hi,, the ooioorea 

taoer to before us and stimulates the organ of vision; we can 
onfv have the series of after-images while the excitation in the 

withdrawal of the stimulus; but the real image we tank 
at will independently of the presence of the coloured paper, 
after the first time, or of the excitation processes in the retina. 
4 he image has the same aspects or attributes as the origins 

sense experience, and corresponds, in the main, t0 * e ° r ‘ gm 
sense experience as regards these aspects. For example, a 

imaged tone has pitch, and approximately the saI ^ P‘ tch “ 
the originally experienced tone of which it is the image. So 

original tone, and it has approximately the character of the 
original tone in all its aspects. In addition it has, as an image, 
the characteristic of vividness, and this vividness is no o e 
confused, nor, indeed, is it commensurate with sensational 

tntcnsitv 

For evidence of the presence or absence of an image in the 
mental life of the human being, we naturally look to introspec¬ 
tion. In order to determine whether an image is present in 
the mental life of one of the lower animals we must seek 
evidence of a different kind. Such evidence is obtained from 


1 With many children and some few adults a type of image which has 
been called the “ eidetic ” image may be obtained. This has many of the 
characters of actual perception and may be considered as a transitional type 
of experience between percept and memory image. See Article by Allport 
in British Journal of Psychology, vol. xv, Oct. 1924, and Jaensch’s Eidetic 
Imagery (Intern. Library of Psychol.). 
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what is known as the deferred reaction experiment. This depends 
upon the function which the image performs. The image 
enables an individual to utilize a past experience in reacting 
to a present situation. If an animal has learned that the right 
exit from a box is that in which a light is shown, and that 
animal is capable of having a memory image, it ought still to 
find the right exit when the light is shown and put out before 
it is released. This is the basis of the 44 deferred reaction ex¬ 
periment. As far as the results of this experiment go, there 
is no clear evidence of a memory image except at a point high 
up the animal scale. Study of the behaviour of animals under 
less artificial conditions would seem to indicate, however, that the 
image function is present much lower down the animal scale. 

Types of Imagery. —When we speak of an image in ordinary 
speech we nearly always mean a visual image. It must be 
remembered, however, that we can have images belonging to 
any sense department. In the mental life of the vast majority 
of normal individuals, visual, auditory, and motor imagery 
are the prevailing types, and of these probably visual images 
usually predominate. The predominance in the mental life of 
any individual of imagery belonging to a certain sense depart¬ 
ment is marked by speaking of the individual as belonging to a 
certain ideational type. Thus, we speak of an individual as a 
visile , an audile , a motile , and so on, according as the imagery 
is predominantly visual, auditory, motor. It was formerly 
held that this difference in sense type of imagery was a funda¬ 
mental and probably congenital difference between people. 
This view has been very much modified within recent years. 
Though hereditary differences may underlie differences of type 
in at least some cases, it is certain that the predominance of a 
type may be due to accidents of environment or education, and 
that most of us belong to mixed types. It has also been found 
in experimental work on imagery that the type of imagery of a 
subject may change during the course of the experiment. 

Several methods are available for determining an individual’s 
predominant type of imagery. Perhaps, when everything is 
taken into consideration, the best method is still Galton’s 
questionnaire method. It certainly yields more comprehensive 
results than any other single method, and in the mass the 
results may be taken as fairly reliable, though in any individual 
case the reliability varies with the introspective ability of the 
individual Galton employed the questionnaire method widely, 
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and has laid down the principles in accordance with which. the 
motions outfit to be formulated. These are . (I) the questions 

questions ou ni must b e easily answered ; 

must be easily unacrsiuuu , v. / .■ 7 , , . i cnlved 

(t) they must cover the ground which the problem to be so ve 

Certain objects or experiences, and then to answer specific 
Questions regarding the imagery. For example the subject 
waTasked tS call up the “ beat of rain against the window- 

panes ” and to record whether the image was very fain , 

“ f iin’t ” “ fair ” “ good,” or “ vivid and comparable to actual 

sensation ” Galton’s enquir>' was intended to throw light par¬ 
ticularly on visual imagery, and accordingly the questtonnatrt 

included a long series of questions addmsed t» ^^tabuT 

as they sat down to it “ this morning,” and then to answer such 
questions as : Are the colours of the china of the toast, mus ar 

etc., quite distinct and natural ? Then he asked them to 
up the image of some panoramic view, and to say whether they 
could see mentally “ a wider range of it than could be taken in 
by a single glance of the eyes.” There were also general ques¬ 
tions such as : Can you retain a mental picture steadily before 
the eyes? Where do mental pictures appear to be situated? 
Can you easily form mental pictures from descriptions of 


SCC A^ond method is the word-list method. This does not 
demand any training in introspection, at least in the first of the 
two forms of the method that have been employed. n is 
first form, which we owe to Kraepelin, the method consists in 
asking the subject to write out a list of objects that are char¬ 
acterized bv their colour, of those characterized by their sound, 
and so on, five minutes being allowed for the writing of each list. 
In the second form of the method the experimenter prepares 
two lists of words. The first is presented to the subject visually 
one at a time, and the subject records the kind of imagery 
aroused—both word imagery and object imagery. The second 
list is read to the subject one word at a time, a.nd the subject 
records his imagery as before. Obviously, this form of the 
method permits only of the two modes of presentation. 

A third method is the leuTning method , or lettev-sqiuiTe 
method , as Titchener calls it.* This method may be applied in 


1 Enquiries into Human Faculty (Everyman Edition), p. 265 f. 
* Experimental Psychology , vol. i., pt. ii. 
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various ways, but a typical series of experiments might be carried 

twelve squares, in each of which a letter is placed, the subject 
being provided with similar cards with the squares blank. The 

are *rMd r nJ ll \ er £“ d °,. Ver by the sub J ect for ten seconds, or 
Aft/JTh ? ‘r h ™ at . a constant rate by the experimenter. 
, p apse of a given interval of time—say twenty seconds— 

tfte subject makes an attempt to reproduce by filling in the 
letters on one of his blank cards. The interval is filled by 
counting aloud from I to 20 on the part of the subject. Various 
complicating conditions may be imposed on the learning. In 
some cases the subject may be required to learn silently in 
others to read the letters aloud, in others to keep repeating a 
constant sound like “ la ” while he reads them. The nature of 
his imagery is shown by the success of his reproductions under 
the different conditions, and by the kinds of errors he makes. 
Not only is the predominant type of imagery indicated by the 
relative facility in learning with purely visual or visual plus 
auditory presentation, respectively, but the visual type will 
also be indicated by the relatively small influence exerted by 
tbc repetition of the constant sound during learning, the audi* 
tory type by the relatively great influence, and so on. The 
nature of the errors made in reproduction after practically any 
learning experiment will also throw light upon the predominant 
imagery of the learner. Thus, in reproducing letters, the visual 
learner substitutes letters of similar appearance, the auditory, 
letters of similar sound. 


Association 

In the processes we call “ remembering ” and “imagining” 
the mental content consists of trains of imagery in the same 
way as the mental content at the perceptual level consists of 
trains of percepts. The order and succession of the percepts 
constituting perceptual trains is determined for us by the 
order and succession of the objects affecting our sense 
organs, and therefore on the one hand by the independent 
world order to which we must adjust ourselves, and on the 
other hand by our own activity relative to that independent 
world order. Hence our trains of percepts may be said to 
have a permanent basis in the external world order. In accord¬ 
ance with our definition of an image, it is independent of the 
present effect on our sense organs of external objects. Conse¬ 
quently, trains of images cannot be determined by the external 
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world order in the sam ® “^here^nTnow of the world 

are relatively ree as be determined Meetly by 

conditions peculi conditions we must, at present, 

men -^ CoTe usually grouped under the head ot association. 

The important part h Schoo , q{ Psycho logy, 

hfe is indicated ^5^^] practically all our mental processes, 

in terms of association John Stu^ ^ ^ ^ ^ 

“ ^^'^VgravSn in the^skal world. . 

principle of gravitatio ^ tioa a3 dependent primarily 

w^iich^are ifnexfdahied by'au'w^kno^^Tphysiological'^proc^s! 

£3 i ss h » pSw ,r.V"SS“t 

independently known by the physiologist but merely physio. 

8 One illustration may be given to show that the P h y^°logical 
law of habit is, in itself, insufficient^ to account for tea 
of association. According to James view, in experiencing, A 
followed by B, the nervous current passes from a ceKorcclb 
in which A is registered to a cell or cells in which B is Te &^ ere *- 
In conseouence there is, as it were, a track connec mg e 
systems of cells, which facilitates the passage of nervous energy 
in the future, so that when the system of cells representing A 
is again active, there is a tendency for those representing 
to become active immediately afterwards. Now it is a we ““ 
known fact that experiences are, or tend to be, revived m the 
same order as they were originally experienced. Association 
has, as it were, direction. A tends to revive B much more 
readily than B tends to revive A. This is, in itself, a difficulty 
for the physiological theory, but it is not an insuperable one. 
The difficulty becomes much more serious when we consider 
more complex cases. A may be bound by association to a B 

U « 1 • . « • • 1 * ___J f rvi f o 

4 aK «f*n a A«/Tim 


more complex cases, A may be bound oy association tu a 
which, in the original experience, was separated from it by a 
considerable interval of time, and by links far more stable 
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and enduring than those which bind it to experiences in,™ 
diately contiguous to it in point of time. Moreover, accordTnv 

place e of 0 B AnH ^f y . eV . oke {?£ association C, or D, or X, in 

asTis to evoke B fn aVothen * ‘° #V ° ke A ° ne 

The Laws of Association 


in the treatment of the “ laws of association 


Considerable variety is displayed 

. , t i i , "■ association in psychological 

text-books, and considerable differences with regard to the 

terms m which they are stated. At the same time there is 

substantial agreement as to the facts. The distinction is 

usually drawn between the laws known as primary, and those 

termed secondary , laws of association. The latter are not 

really laws of association in any exclusive or peculiar sense 

but have a wider reference, and are really general statements 

ot the conditions which determine the tendency to revival of 

any mental process whatever. The former are more strictly 

laws of revival so far as that is dependent on association. 

We may begin with the secondary laws. The phenomena 
which are covered by these laws are familiar in ordinary life 
and can be easily studied under experimental conditions. The 
laws are four : the law of primacy , of recency } of frequency, and 
of vividness. The statement of these laws is very simple. In 
each case the qualification “ other things being equal ” must be 
understood. The law of “ primacy ” would then be stated: 

First impressions and associations tend to persist longest 
and to be most easily revived.” The law of “ recency ” would 
run :. Recent impressions and associations recur most readily 
to mind.” The law of “ frequency ” would be expressible in 
some such form as i ** The more frequently an impression is 
made or an association formed, the more permanent is the 
retention and the easier the reproduction.” Finally, the law 
of “ vividness ” would take the form : " The more vivid an 
impression or association the more enduring is its influence, 
and the more easily is it recalled.” 

All these laws, as we have indicated, can be verified by 
quite simple experiments. Stimulus sheets may be prepared, 
on which colours and numbers are presented in series, either 

—first a 



in pairs—a wivur auu a numoer togecner—or 
colour, then a number, then another colour, then another 
number. The presentation must be at a constant rate. Test 
sheets are also prepared so that the colours can be exposed 
without the numbers, the subject being required to give the 
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Stimulus and 


nUmb h r ee 8 ts g arTp«p b a y red a ia such" wfy^to emphasis now 

frequency, ncw primacy ^ final resute^ the 

estimating the„ iations of colours with numbers. 


and of chance, must be "" have bee n frequently given 
The primary laws of asso “ ^ hich are contlgu ous to 

as the law of c £H^~j^T to be associated together, so that the 
one another in time secon d—and the law of s mtto rriy 

first tends to recall the sec0 ™ ssociated together, sTtHaTlhe 

similar experiences tend to and fundamental, 

one recalls the other The first aw ^ stated - n this form 

The second law is of d °i f a r ticular case of the operation of 
and in any case is mete y P ^ speak rat her of the law of 

the first. We ought t j lg law ; n som e such form as. 

systmic relations, an continuity of interest, and the 

unity and continuity the f tent.on^ pro ^ ^ u that 
interest, tend to form whoo V ^ wholes an d their 

associative bonds are cons tituent elements and 

one another, and between the consUtuen ^ ^ ^ q{ flur 

whole.” This is the m ® in Qur or g a nized knowledge. It 
higher thought processe in phenomena of our mental 

would also c ° ver {reqU ; an d dreams, where the basis of the 
^ocfaCl-rm^g ‘he succession of thoughts is a common 

aS ^roperCn of the 

ally any form diall see presently, for the classifica- 

tion of associations. In the experil ^nt, aU of 

which nre important for the n^that^ k 

both in the laboratory a a i rea dy been briefly described. 
They are usually conducted with "us wo^ ^ 

either presented visually to k by t h e experimenter, 

suitable exposure apparatus, or spoken oy 

1 See Titchener, Experimental Psychology, vol. i-, P l 2 - *•> P 

2 See chap. viii. 
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subject is left free to rTs'pond tith the fetTord l°f “ the 
tion experiment. If he is required to respond wfc worH 

standing in a definite relation to the stimulus word we hf d 
the constrained association experiment. The constraint nJ* 

be complete, as when there is only one correct- ‘ y 

S e be EW where the subject is left with some degre? of 

such a way that only the first stimulus word is riven irh 
response thereafter functioning as a stimulus word for the M 
response. That is to say, the subject is merely started on a 

fndicar tl T g a ht by - the t timulus word - and each y response word 
known as the d ‘ rec / t! ° n the tra }“ ? f thou g ht is taking. This is 

the method adopted in Freud’s psycho-analysis. ^ 

Eree Association. —While constrained association experi- 

reve^ great . 1 , ntere . st theoretically, and we shall require to 

revert to their consideration when we come to discuss the thought 

processes, it remains true that from the general point of view the 

free association experiment is by far the most important, even 

apart from its employment by Freud in his psycho-analysis 

1 he employment of free association on a wide scale for diagnostic 

purposes appears to have originated with Jung. Before de- 

sen mg Jung s Association Method, however, some notice must 

be taken of another method of diagnosis, not quite so well 

nown, but deserving of being much more widely known than 

it is. That is the method used by Kent and Rosanoff 1 to 

determine how far an individual’s mental content and direction 

of thought are usual or unusual, normal or abnormal. These 

TnT eS ^ a ^° rS P re P^ rec ^ a list of a hundred common words. 
These words were given as stimulus words to a thousand normal 

subjects, and all the responses recorded. The responses were 

tabulated with the number of subjects giving each particular 

response. In this way a frequency table was obtained showing 

the frequency with which any response had been given, the 

frequency being taken as indicating the usualness or unusualness 

of any response. A frequency table having once been drawn 

up, we are able to give the test series of words to any individual, 


0 

* American Journal of Insanity , vol. Ixvii. 
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record his responses, and detennine the average ^equency o. 

normality in mental content and direction of bought_ The 

recorded^ zero, the F response being designated an ^mdual 
response. The number of individual responses is an indication 
of the “ eccentricity ” of any particular subject. In this method 

no use is made of the association time. . , , 

Tune’s Association Method employs also a senes of a hun- 
dred stimulus words, very similar superficially to the Kent- 
Rosanoff series. They are selected, however, in such a way 
as to call up by association commonly occurring emotional 
states and emotional complexes. In giving the words the ex¬ 
perimenter, in addition to recording the response, times the 
response. After the series has been gone through, the expen¬ 
men ter goes through it again, asking the subject to reproduce 
the response word previously given. If a response is not given 
in thirty seconds the experimenter goes on to the next word, 

and records a failure to respond, or fault. 

In drawing conclusions from this experiment the experi¬ 
menter mainly takes account of (1) the time of response;* 
(2) the nature of the response given ; (3) failure to respond or 
to reproduce. When the time taken to respond in any par¬ 
ticular case is very much above the average time of response, 
it is assumed that the stimulus word, or an immediately preced¬ 
ing stimulus word, has touched an emotional complex, and that 
the lengthened time is due to the lyitsvfcTcncc of associations 
that has resulted. If we were using the test series for diag¬ 
nostic purposes, this would indicate a point to which further 
enquiry must be directed. Failure to respond or to reproduce 
is similarly interpreted. The information to be derived from 
the nature of the response depends partly upon the actual 
response given, and partly on the kind of associative bond which 
links it to the stimulus word. The response itself may obviously 
reveal the subject’s thought content in an illuminating way, 
while the kind of the associative bond may show a thought 
tendency which has important diagnostic significance. For 
the science of psychology, however, the most valuable outcome 
of Jung’s work in this direction has been a classification of 
associations, which, in its general lines, must be conceded to be 
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more useful than any other scheme of classification of associa- 
tions hitherto suggested. 

p » . » ^ *—One scheme of classification 

of associations that has had wide currency is based upon the 

assumption that the two primary laws of association are the 
laws of contiguity and of similarity respectively. Myers gives 
the scheme in tabular form as follows *■ 


C co-ordination, e.g. baby—infant 

I in meaning 

I j subordination, e.g. man—soldier 

similarity I I contrast, e.g. peace—war. 


[in sound 


contiguity 


{ in time 
in space 


fin letters or syllables, e.g. port—porter. 
\in rhyme, e.g. fight—kite 

{ causal, e.g. lightning—thunder 
verbal, e.g. snow—snowball. 

e.g. handle—lock. 


While such a classification as this has its uses, it is neither 
psychologically adequate nor diagnostically very significant. 

In Jung’s classification “ Inner ” and “ Outer ” Association 
are substituted for Similarity and Contiguity. In the case of 
the former the associative bonds are real, intrinsic, thought- 
connections, in the case of the latter the connections are super¬ 
ficial, extrinsic, or merely accidental. In addition to these 
main categories, Jung designates certain types of association 
“ egocentric,” where the response implies subjective valuation 
in connection with the situation called up by the stimulus word. 
It is plainly possible to bring this under the head of “ inner ** 
association, if we recognize two sub-groups under “ inner ”— 
associations depending on thought relations, and associations 
depending on affective relations. Other types of association 
recognized by Jung may be treated in the same way, and 
brought under the head of “ outer ” associations. 

A working scheme of classification, based on Jung’s distinc¬ 
tions but utilizing also the scheme we have already given, 
would be something like the following:— 


1 Text-book of Experimental Psychology , vol. i., chap. xii. 
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imagery and association 

t causal relations . 

co-ordination, subordination, etc. 

contrast 

predicative 

adjectival 

associations \ (common affect 

l emotion system -I 

l egocentric 

f mere contiguity in time or space 
Outer (extrinsic) j verbal contiguity f assonance 

associations \word completion. 

It is obviously impossible to classify 

seems probable, when we look at the response from the outside, 
may be quite wrong. Thus it is impossible to *** o^rrtnation 

!=*■£ r sss w sst 

disturbance. It frequently happens that the first ‘ dea 
up by association is inhibited from expression by the subject 
while he searches round for some other response. The search 
may be prolonged because of the influence of what is known as 
interference. The phenomena of interference are best broug 
out by a very simple experiment. If we arrange simple figures, 
like triangles, circles, squares, crosses, stars in a series of lines, 
with the same number of figures in each line, but. different y 
arranged so that sometimes a triangle precedes a circle, some¬ 
times it precedes a star, we shall find the phenomena of inter¬ 
ference showing themselves whenever the subject tries to name 
the figures in each line as rapidly as possible. Although there 
are equal numbers of figures in all the lines, very unequal 
times are taken for the lines. Moreover, the subject will come 
to a complete stop every here and there. When asked what is 
happening, he will say that he finds it difficult and even impos¬ 
sible on certain occasions to get the name said, that he wishes 
to say, because another name persists in trying to get said. 
For example, the figure may be a square, and the word “ circle ” 
keeps coming to the tongue. It will generally be found that the 
reason for this is that the previous figure was, on the last occasion, 
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followed by a circle, or has frequently been followed by a circle, 
so that its naming tends now to be followed by the word “ circle.” 
In other cases there may be an actual competing of two names, 
neither of which is the right one, because of previous association. 
Such are the phenomena of interference. A lengthening of the 
time of response is always involved, and sometimes a failure to 
respond altogether. The phenomena also play a part in our 
ordinary mistakes and forget tings. 


CHAPTER XIII 


LEARNING AND MEMORY' 

u r ' V ^HE term learning is used to signify both the development 
I of intelligence and the apquisition of muscular ” so 

JL writes Ewer. 1 These two forms of learning are not in¬ 
dependent of one another but are closely related, for intelligent 
learning is usually bound up with some form of motor skill, 
and motor learning is always more or less intelligent. A recent 
experiment carried out by Gopalaswami with mirror drawing 
bears out this very contention. 2 The subject was asked to 
trace a star-shaped drawing, not looking at it directly, but as 
it was reflected in a mirror. The movements of his hand 
were also observed in the mirror. Gopalaswami arranged his 
apparatus so that a record was automatically made of all 
the movements of the pencil (in this case a stylus), as it 
traced out the pattern, the pattern being divided up into 24 
points. A metronome in circuit with an electric hammer 
regulated the rhythm of the movements, and only one move¬ 
ment was allowed with every stroke of the hammer. The 
investigator analysed the errors made by his subjects over 
a period of time. He found that the 500 errors made were 
divisible into two groups, which he designated as lower 
level, and higher level, respectively, according as the responses 
involved, or did not involve, any novel process. Further, 
he found that the higher levels of response were closely 
associated with intelligence and gave a correlation of *81, and 
“ that the responses of the lower level persisted longer in 
the subjects who were estimated as low in intelligence.*' 2 
When the experiment was repeated under different conditions, 
so that opportunities to make responses of the higher level were 
reduced to a minimum, the results showed little correlation with 

1 'dpPjifd Psychology, p. 159. 

8 British Journal of Psychology , vol. xv., pt. iii. * Ibid. 
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intelligenc 



the view thatThe p'Sent p ™IdTrfby reducTnt toT°' ^ ^ 

thereby br?ue 0 ht P d rtUnit h- t0 jud ?® the nature ° f his “ST 

tnereby brought down his reactions to a low average level” 

“ in tell; 0 I f^M S ’ 0W d °j? tllis trial an d error learning, which is 

the latter name and concludes, “ that the trial and error and 
so far^'hfth* !f 1 arm " gs do - indeed . resemble one another in 

and correlates. But they differ from one another if that the 

0 ?tT: J n V P l ra u 0n U " hiefly effected fa y ““cious processes 
of low intensity, high speed, and wide distribution, whereas the 

mtelhgent operation is the reverse in all respects; the former 
may be called marginal, and the latter focal. 

“ This comparison between the two kinds of learning appears 
to be suggestive of many important consequences, both theo¬ 
retical and practical. To begin with, the often asserted trench¬ 
ant line between the two fades away into a perfectly continuous 
transition; marginality and focality are merely matters of 

C y» 

This experiment of mirror drawing is a typical learning 
experiment. Instead of results being recorded in the form of 
the number of errors made with each trial, the total time taken 
to trace right round the star may be the criterion of success, 
or usually the subject is allowed to work at his own rate of 
speed. This, will show a decided decrease with each trial, 
until the limit of improvement is attained. The question now 
arises as to the cause of the improvement. What are the factors 
at work, effecting a saving in time and a diminution of errors ? 
The fact that with every repetition improvement occurs, shows 
a practice effect. The common adage that “ practice makes 
perfect,” holds undoubtedly in this type of learning. The 
right responses are gradually strengthened, the wrong move¬ 
ments are one by one eliminated, and the element of chance 
diminishes by degrees. This is Thorndike’s Law of Use. But 
this can only partially account for the improvement which 
occurs, for wrong movements are repeated with greater frequency 
than right movements. There must be, therefore, some other 
factor which will cause the correct responses to be strength¬ 
ened in greater proportion than their frequency would lead one 


1 British Journal of Psychology , vol. xv., pt, iii. 
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to imagine. This is to be found in the feelmfcipe accompany¬ 
ing each movement. A right movement produces a glow of) 
satisfaction which is favourable for its stamping m^and repeti- 

a false movement evokes dissatisfaction and an un 


tion * a iaise muvcuiciii --- . ,, % 

pleasurable feeling, with the consequent impression that such 

undesirable reactions should be eradicated. This is; Thornd ke s 

— ■ —for the two laws 


Law of Effect, 
are usually combined together 

* _ * ~ m m -m * 


The Law of Use Vnd Effect- 

plays the predominant role in 


all learning of this kind, learning by trial and error. 

A brief description of a recent experiment devised! by Pyle, 
shows, perhaps, more clearly the nature of trial and error, or 

“ haphazard ” learning. , . . . , , 

The apparatus consists of a cloth bag which is suspended 

from a wire ring six inches in diameter, the ring being supported 

oTcheTfrom the floor by three uprights fastened to a wooden 

base. The subject stands 12 feet away, and has to pitch 50 

balls one by one, into the bag. The score is the number of 

balls’which enter and stay in the bag. Four series of 50 are 

pitched on the one day, and a second set on the following day, 

and so on, if an extensive experiment is desired. One subject 

carried out the experiment for 100 days, tossing 200 balls a day. 

His score ranged from 37 at the beginning of the experiment, 

to 102, the maximal score, near the end of the trials, after which 

a slight decrease became evident. 

But trial and error is best demonstrated in all cases by 
animal learning. The maze experiment in which the animal 
is placed at the entrance and has to find its way to the centre 
where lies its food box, reveals this method of procedure in its 
simplest form. To begin with, random movements occur, the 
animal runs backwards and forwards in the many cul-de-sacs, 


and may actually cover every square inch of ground before his 
goal is reached, but it is wonderful the progress which is revealed 
with each fresh attempt, until, ultimately, it goes straight from 
the entrance to its food box in the centre. Here, again, practice, 
and satisfaction, reveal the cause of improvement. To set a 
human being down in a maze and ask him to reach the centre 
does involve trial and error, but in a much simpler form, for the 
individual has certain advantages which the animal lacks. To 
make the experience more comparable, Thomson 2 suggests 


1 A Laboratory Manual in the Psychology of Learning 
* Instinct , Intelligence , and Character . 
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that a maze be tried without actually looking at it. A friend is 
to read out at each entrance two letters, one indicating a blind 
alley, the other the correct route, the subject having to choose 
between them. The responses in each case are written down 
and repetitions given until perfection is reached. By this 
method, Thomson states, “ You will certainly have more poig¬ 
nant feelings as to the laws of use and of satisfaction in maze¬ 
running than you would have otherwise experienced.” 

Trial and error learning is a wasteful method, for it involves 
many unnecessary movements producing fatigue and using up 
time. It is also discouraging, for improvement is gradual and 
is entirely due to chance. But, if the learner has some one 
.whom he can imitate, or who is willing to show him how to 
'tackle a problem, then much saving is effected. Learning by 
imitatiojn is substantially the learning of children, hence the 
importance of having good examples for the children to follow. 
Trial and error learning cannot be dispensed with altogether, 
but observation gives a good start and it is because of the com¬ 
bination of these two methods that trial and error learning of 
humans surpasses that of animals. Little learning by observa¬ 
tion appears in animals, although isolated cases have been 
reported. Kdhler, for example, finds imitation existing in 
chimpanzees, but only as in the case of man, if the chimpanzees 
understand or are familiar with the action to be imitated. 

But the highest type of learning is learning by thinking, 
which seems solely characteristic of man, although, again, 
Kohler’s results show intelligent thinking among apes. If 
we give an individual a mechanical puzzle to work out, 
then he may connect it up with previous puzzles he has 
solved and may see similarities between them and the pre¬ 
sent puzzle which may guide him, and the result may be 
that he will think out the solution before he starts the actual 
manipulation. Further, a man is able to work mentally with 
obiects which are not actually present, such as in practising 
scales on any musical instrument, and this ability gives to man 

a decided superiority over the animals. , 

Ewer 2 quotes an interesting case from Scott which shows 

the comparative value of the three methods in the solution 
of an intricate mechanical puzzle by four persons. 

t See The Mentality of Apes , for a discussion and criticism of “ trial 

and error ’ * learning. 

a Loc. cit. 
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The first, by trial and error, took eight hours, and only 
after several lengthy repetitions could do it quickly. 

The second, having watched the first, did it in two hours. 

The third , an expert mechanical engineer, studied the prin¬ 
ciples involved, and solved the puzzle in half-an-hour. Using 
his knowledge, he then taught the fourth to do it in fifteen 
minutes. 

Habit. —When learning becomes permanent, it involves often 
the formation of a habit, and, as James expresses it, mankind 
consists of 44 bundles of habits.** What is the practical value of 
habit formation ? 

1. To cite James, 1 the first advantage is that habit simplifies 
the movement required to achieve a given result, and produces 
less fatigue. It also saves time and energy. 44 If an act became 
no easier after being done several times . . . then the whole 
activity of a life-time might be confined to one or two deeds, 
and no progress could take place in development.” 2 

2. The second result is that habit enables acts to be per¬ 
formed witjhout attentive consciousness. For example, if a 
chain of events A B C D E have to be performed such as in the 
case of a child learning to walk, then these separate items have 
to be selected out from other irrelevant ones. At first the chain 
of events is detached and separate ; the child breaks the sequence 
of the chain by making wrong movements, etc. Gradually, 
however, proficiency is attained until the chain of events is 
carried out as if it were one continuous movement. It tends 
to be carried out automatically, and no conscious attention is 
required. Habit, therefore, by rendering actions of the lower 

centres automatic, allows freedom for the higher centres to 
operate. 

In the deliberate formation of a new habit, there are four 
essential rules which James lays down:— 

1. The first step in the acquisition of a new habit is to launch 
out with as strong an initiative as possible. Accumulate all 
the possible circumstances which will reinforce the right motives. 

2. Never suffer an exception to occur until the new habit is 
securely rooted, in other words, avoid exceptions. 

3. Seize every possible opportunity for practice of the habit. 

4. Keep the faculty of effort alive by a little gratuitous 


1 Principles of Psychology. 

* Quoted by James from Maudsley, Physiology of Mind 

l S 


p. 155- 
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exercise every day. As James expresses it, be systematically 
heroic in little unnecessary points. 

We turn now to some of the more specific results which 
have arisen from detailed studies of the learning process. 

J The Learning Curve— As we have gathered, progress in 
learning takes place as the wrong movements become eliminated 
and the right movements become strengthened. Does this 
improvement take place rapidly or is the process a gradual 
one? Suppose we were learning to use a typewriter and we 
allotted half-an-hour every day to practice, and counted each 
day the number of words we were able to type, then we could 
express our results in the form of a graph. This graph would 



of practice 

Fig. 13. 


give us what is called the learning curve, as in Fig. 13. This 
curve is a typical curve of all learning, either mental or muscular, 
which is extended over a fairly prolonged period of time. The 
curve itself consists of a large number of irregularities. These 
fluctuations are due to a variety of causes, such as inattention, 
fatigue, loss of interest, changes in physical condition, etc. The 
learning curve is shown better if these irregularities are smoothed 
out. This is done either by taking the average of every three 
periods of work and plotting the graph in this way, or it may 
be done as follows: Take the first score made and double it 
and add the second score. Divide the combined score by 
three, and this average gives the first smoothed score. To 
obtain the second smoothed score, add to the second score, the 
first and the third scores, and find the average. The third 
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smoothed score is the average of the second, third, and fourth 
scores, and so on. When the end is reached, the last smoothed 

score is the average of the sum of the last score u ■. 

bined with the last score doubled, as at the beginning of the 


curve* , • • i 

i In the learning curve, the first thing we notice is a rapid 
t rise at the beginning of the curve, which is always present; then 
the rate of progress gradually slackens until a level of attain¬ 
ment is reached where further progress seems to be impossible 
(Fie. 13V This level of attainment is what is known as 
in learning. This plateau seems to mark the limit of progress for j 
the time being, for even although practice is carried on, no 
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Fig. 14—(After Bryan and Harter.) 


further advance is made. Kitson appropriately calls this 
plateau, " the plateau of despond.” It is, however, a feature 
found in most cases of learning. If effort continues long ( 
enough—and this is the interesting point—this period of stagna-, 
tion will be passed, perhaps, in a sudden burst of ability that 
will carry the individual to a much higher level of attainment 

(Fig. 14). 

Plateaus may be due to various causes—discouragement, 
poor physical condition, lack of effort—or they may be caused 
by inattention which supervenes whenever a task becomes too 
easy. To advance beyond a plateau requires a special effort,; 
and the effort must be made at the opportune time when the 
learner is ready for it. In school the teacher becomes invaluable 
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at this juncture to spur on the pupil to surmount the difficulty 
and advance from the plateau. The curve of learning extended 
over any length of time consists of a series of plateaus of steps 
, which each, in turn, must be surmounted before a hither 
level of efficiency is reached (Fig. 15). Some become dis- 
couraged and never rise beyond the first level. 

But the plateau may be given another explanation: it mav 
marlr the Physiological, fin# of improvement, or it may mark 
the physiological limit as long as some particular method of work 
is employed, and what may be necessary may^Be'an improvement 
in. method. This is what happens in typewriting. To begM 
with, the positions of the various letters of the alphabet have to 
be learned until the letter habit is acquired. This marks the first 



advance. Steady and combined practice is essential before the 
next stage is reached, and the word-habit is acquired. On this 
higher level each word does not need to be separated out into 
its individual letters, but the sight of the word is sufficient, as 
it were, to have it picked out automatically on the machine. 
A higher unit still is attained when the phrase habit is developed. 
Each level marks a definite stage in improvement, and each 
stage requires a certain period of time before it becomes auto¬ 
matic, and before a higher order can develop. The length of 
the plateau indicates the time required to make the lower units 
automatic. The plateau, therefore, is a necessary stage in 
learning, and if progress is hurried, retrogression may set in. 

Another explanation which has been put forward as partly 
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accounting for the plateau, is that bad 

acquired which are preventmg progressand " require 
elimination before any advance can be made. According z 

James, the majority of us never reach our 
we are content to remain at some plateau, and never make t 

soecial effort necessary to rise above it. . .. . , 

P One very efficacious incentive to further progress .s that of 

self-compeSU.. It has been proved to be successful m the 

educationaland in the industrial world. The individual en 

deavours to beat his previous day]s record or his previous week. s 

record The industrial worker is anxious, if his progress in 

work is drawn out for him in graphic form, to make the curve 

rise higher, and similarly with the child at school It gives 

the dull child an incentive as well as the bright child. The 

dull child has not to surpass the top boys achievement, but 

endeavours to beat his own record, a task more in keeping with 


** 1S Distribution oi Learning Periods. —Suppose we had to memor¬ 
ize a number of facts, and had so much time for repetition; would 
it be better to learn the facts all on one day, or should we distri¬ 
bute our repetitions over several days ? The results of repeated 
investigations have shown that the more extended the distnbu- 
tions the easier is the learning, and the better the retention. 
If there are eight repetitions, two a day for four days yield far 
better results than eight repetitions in one day. Accumulated 
repetitions, as Myers expresses it, are much inferior in value to 
distributed repetitions. A very excellent illustration is afforded 
by Starch’s experiment. In a substitution test substituting 
numbers for letters—four groups of subjects were employed. 
In each case the same total time was given, but distributed 
differently (Fig. 16). The first group worked for ten minutes 
at a time, and twice a day for sjx days; the second group 
worked for twenty minutes at a time, but once a day for six 
days; the third group worked forty minutes at a time every 
other day for six days; while the fourth group worked for two 
hours all in one day. The work of every subject was calculated 
in five-minute periods and set out in graphical form. The re¬ 
sults show that the shorter and the more numerous the working 
periods, the better the work. It will be noticed from the figure 
that the twenty minutes group at one point surpasses the ten 
minutes group. This may mean that the economic interval of 
learning has been surpassed, and that a fifteen-minute interval 
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would have given better results, and sounds a note of warning 
that the period each day must be long enough to allow of adapta? 

..J^ e difference ' n efficiency is not due entirely to fatigue 
although that does play a considerable part, nor is it entirelv 
ue to t ® fact that the learner thinks over the material between 

T S : ., but , the benefit is derived from the manner in 
which the bonds of connection have been established. The 

i? r Tu Ce ln a ^. e tlle associations is the potent factor. The 
older the association, the stronger it becomes with repetition. 

In concentrated learning, where we repeat the material over 
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Fig. 16. 


and over again at the one sitting, the first repetition is not 
sufficiently long established to be benefitted in this way. In 
distributed periods of learning spread over six days, the bene* 
fit of the first repetition is obtained six times over. Not only 
does age make an association stronger, but it makes its re¬ 
tention better. These facts give us Jost’s Law, which he 
formulates thus : When two associations are of like strength 
but of unlike age, repetition increases the strength of the older 
more than of the younger associations. When two associations 
are of equal strength, but unlike age, the younger fades more 

This experiment shows the fallacy of the so-called intensive course 
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rapidly than does the olden” The = rule of f touted 
learning holds equally of motor learning or m 

as of mental learning. ovnlanation of the above 

Another factor learning 

period. A too long P*" od ' o{ fati g ue to pass away. Fur- 

pause inserted allows h B {orm f d becoroe consolidated, 

ther, during a pause t and ri ht bonds are more 

wrong ^onds tend t ^ pp^ ’ dj5tribut g ed leaming i s more 
thoroughly es ‘* b ’ int o{ v ; ew than concentrated. 

Methods ol Learning. Our ne q T , ' method most 

generally employed is t ^ d by investi g a tion that 

The most remunera- 


verse by verse. --- . 1 

such a method is not the most profitable. 

tive method is to learn the material as a whole. 


The poem must 


tive metnoQ is.vv.ictMAi .-.. . been 

committed^ to‘memory. This « entire method ” is good up to 

* h *ThePreas0n^for*”he°enthe method being better lies in the 
fact that fewer erroneous bonds are established. In learning 
nnfitrv a verse at a time—the so-called sectional method 
connection or bond of association is formed between the hne 

bond which is quite useless afterwards, and has to be d»sca de • 
Usuallv too it is difficult after the verses have been separately 
learned to get the correct bond established between one verse 
and its successor, owing to the interference of the wrong bond 
On the other ha Ad, in the entire method, no useless bonds are 
formed except the bond between the end an ^ beginning 0 
the poem, and consequently, no erroneous bonds have to be 

; 5 do ubtful whether one can recommend the entire method j 
for children, for discouragement is apt to set in when^resu s , 
are slow in appearing. As a matter of fact, this 1 
great disadvantages of learning by wholes. The glow of satis-^ 
faction when a verse of a poem is learned is an incentive to, 
further endeavour, an incentive which is entirely lacking when 
the poem is read from start to finish each time. The most one 
can say with children is to give them as large units as they can 
tackle without losing self-confidence. This is borne out by the 
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recent experiments of Winch, 1 who advocates the part method 
as decidedly superior to the whole for children. 

^ A second disadvantage to be cited against the entire method 
i is that sometimes the material to be learned is not homogeneous. 
One part may be more difficult than another, necessitating a 
large number of extra repetitions of the whole in order to commit 
this difficult part to memory. 

This lack in the homogeneity of the material has led to a 
modification in method, and the “ mixed method ” has been 
suggested. Adopting this procedure the learner begins at the 
beginning and proceeds until the first difficulty is reached, such 
as a complex meaning. A stop is made there until the diffi¬ 
culty is mastered. Then a start is made from the beginning 
again until the second difficulty is reached and overcome, and 
so on throughout the whole poem. Or all the difficulties may 
be mastered to begin with and the entire method employed. 
Gopalaswami, in his recent investigation of mirror drawing, 
apparently found the “ progressive ” method superior. In this 
the subject learned the first section, then the second, then the 
two together. The third section was now mastered, and the 
first, second, and third learned together, and so on. 8 

But learning, no matter what method is employed, is greatly 
facilitated if it is accompanied by the “ will to learn.” Indolent 
learning is a waste of time, and ten minutes’ concentration is 
worth far more than ten hours’ idling in supposed learning. 
Lax attention means poor results and little retention. One 
may repeat over and over a list of names or a series of figures, 
perhaps in dictating them to a second party, and find that not 
one can be remembered, simply because the intention to re¬ 
member was not in consciousness. Further, interest in the 
material to be learned is a considerable aid to efficiency. 

Rate of Forgetting. —Experiments have been carried out on 
the rate of forgetting. With every kind of material used, it has 
( been found that forgetting takes place rapidly for a short time 
immediately after learning, and then proceeds very slowly. 
In fact, according to Ebbinghaus, half of the material learned 
is forgotten in the first half-hour, two-thirds in eight hours, and 
four-fifths in a month, a result of great consequence in the 
sphere of advertising. This rate of forgetting shows that recall 
in learning is beneficial, and that the best time for recall is 
shortly after the material has been learned, for that is the time 

1 British JourTial of Psychology, vol. xv., pt. i. * Ibid., pt. iii. 
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in which the rapid forgetting takes place. The general esti¬ 
mate given is that of the time spent in learning, half that time 

should be spent in recall. 

irnTWAdifttfl and Permanent Memory. —So far, we have not 

differentiated between the two forms of memory which exist, 
and which may be described as immediate memory and per¬ 
manent memory respectively. If the individual has to repro¬ 
duce what he has learnt immediately after learning it, before 
there has been time for the matter to have left consciousness, 
then he is employing his primary or immediate memory. If an 
interval of time elapses between his learning and his reproducing, 
the permanent memory is involved. 

The determination of the memory span is the method used 
for testing immediate memory. Usually, series of varying 
length, either of numbers or of nonsense syllables, are presented 
to the subject, the object being to ascertain how long a series 
can be reproduced after one repetition. Immediate memory 
has been found to. increase with Age, but at no time has the 
child's memory span attained the efficiency of the adult. 
Meumann found that the development of immediate memory 
is very slow up to thirteen years of age, from thirteen to sixteen 
there is a rapid advance, and the maximum is attained from the 
years twenty-two to twenty-five, after which there is a slight 
decrease. Immediate memory depends upon the factor of per¬ 
severance or perseveration, the ideas linger or persevere in the 
memory. 

The investigation of the memory span is important from the 
point of view of education. In spelling, for example, it has 
been found that a child of seven can only remember six letters, 
therefore a spelling word of more than six letters may be an 
impossibility for the child unless it is grouped into syllables 
or units. The memory span may be tested visually or it may 
be tested auditorily. The words or digits may be shown one 
by one or they may be spoken to the subject. The auditory 
memory span forms a vocational test for many occupations, 
such as that of telephone exchange girls, where it is an essen¬ 
tial qualification to have a good memory for figures presented 
auditorily. 

The experimental methods employed in investigating per¬ 
manent memory are three in number. 

1. The Learning and Saving Method .—A series of nonsense 
syllables or of digits is arranged beforehand, usually on a 
cylinder of some kind. This cylinder forms part of a “ memory 
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apparatus ’ and is so affixed that when the mechanism is set 
agom& only one nonsense syllable or one digit appears at one 

tk “ u The series is in a regular 

y ‘ subject, with the eyes on the level of the aper¬ 
ture, says aloud each digit in turn, until the series is finished, 
then an attempt is made to reproduce. If unsuccessful the 
series is shown once more, and so on, until the subject can 
produce the series correctly and in regular order. This consti¬ 
tutes the learning method. After a lapse of time, a day or two 
days, or even a week, an attempt is made to reproduce the same 
series, and if errors occur, relearning must take place. The 

difference in the number of repetitions necessary for relearning 
constitutes the saving. 1 6 

. 2 * The Prompting Method .—In this method the series is 

imperfectly learned and the reproduction is measured by the 
number of times the subject requires to be “ prompted ” before 
complete reproduction takes place. 

3 * The Scoring Method. In this method a series of nonsense 
syllables is presented a prescribed number of times, not enough 
to ensure complete learning. With each repetition the subject 
reads the series in trochaic rhythm, so combining each two 
successive syllables, into a pair. After an interval of time, 
the first of each pair of syllables is shown to the subject in 
irregular order, and he is required to reproduce the other 
member of the pair. The number of correct reproductions 
constitutes the score. By means of a chronoscope arrange¬ 
ment, the time taken by the subject to recall the second mem¬ 
ber of each pair may be ascertained. This is known as the 
scoring time. 

In all these experiments it will be noted that either digits 
or nonsense syllables ought to be employed. This is necessary, 
because in all learning experiments the material to be learned 
must be made as simple as possible to keep conditions constant. 

If “ meaningful ” material is used, the results from different 
individuals will not be comparable. Examples of nonsense 
syllables are: dak , puw, zid, taf t etc. 

Conditions determining Permanent Learning.- 


—All learning 

seems to consist in the formation of bonds or associations. 
But some bonds are more easily made than others, and there¬ 
fore there must exist certain conditions which favour the 
retention of some associations and the dropping out of others. 

1 This method may be carried out quite simply without any apparatus. 
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The value of the factor ol perseveration s*—- ... 

permanent learning as in immediate learning, and yet in certain 

circumstances it is important. The constant " nngmg of a 
tune in the head is due to this factor which may be described 
as the spontaneous revival of any experience without effort 

^ e *TTie operation of association, fully discussed in the pre¬ 
vious chapter, has the main influence in deciding what is to 
be remembered and what forgotten, and also the factors of 
primacy, frequency, recency, and vividness or intensity. An 
additional factor is that of retroactive inhibition. It is a well- 
known fact that associations, when made, require a certain 
time to set. If that interval of time is not forthcoming, and 
some new association formed, interference sets in and we say 
that the first bonds are retroactively inhibited. The insertion 
of a pause is always advisable. This inhibition phenomenon 
is best seen in language habits. In following a lecture, the 
listener has scarcely grasped one point and assimilated it 
before the speaker has gone on to develop his next argument. 
Pauses are profitable, from the point of view of both listener 
and speaker. They aid the former in retention and the latter 


in exposition. „ . - , 

Interference may take place in motor learning also, and 

is excellently shown in the card-sorting experiment of Pyle. 
A tray is divided into 30 compartments, with each square 
or pigeon-hole numbered from 11 to 40 in irregular order. 
The subject is handed a pack of cards, all thoroughly shuffled, 
containing the same numbers, each repeated five times, and 
is asked to place each card in its corresponding pigeon-hole 
as rapidly as possible. The experiment is carried out for 
a number of days until the position of the numbers seems 
to be completely established. Then the tray is turned over, 
exposing a similar arrangement of compartments, but with 
the numbers exhibited in a totally different order. The habits 
formed in the first experiment interfere with the formation of 

this new set of habits. 

The effect of interference may be seen in other ways. It 
may be that so many associations are formed that they block 
each other’s path. Or if in learning the first attempt has been 
erroneous, we may find it difficult to get rid of it, and this 
wrong start will persist in coming up into consciousness and 
frustrating all further attempts. It is important, therefore, to 
make a good beginning. 


CHAPTER XIV 


IMAGINATION AND THE HIGHER THOUGHT 


A 


PROCESSES 

* 

* »■.“»•*!£nr^Et^iris rrr 

process, the one being merely reproductive of ^hat has 

e»»»vy e «„!*“iT. 

wuat nas never been exoerienceH • ^ 

being as it werei bound do'wnToa ‘the^oS 

sub type? of°t r he a one SUCh C0 " straint ’ Both are, however, but 
sun types o t the one general mental process as are also fh* 

process we call expecting or anticipating, and in some asDects 

even the process we call planning or purposing. In all these 

discussld * S phenomena of imagination remaining to be 
we ml?? 3 ,? * 7 °, Tv 0 ' im P° rtant “Pects of imagination. These 

can we Lv tl f?TJ lly a , nd construclive ability. In neither case 
The Ua ex P en mental work has been performed. 

work doubtless see development and expansion of such 

Fertilily Ol lmagmation.—Fertility of visual imagination 

mini xI. nVeStlgated by What Is cal ! ed the “ ink-blot ’’experi- 
. ,o_ c e experiment was first carried out by Binet and Henri 

in IS95. I he material has been standardized by Whipple, 1 in 

1 Manual of Mental and l 3 hv sic a I 7'*efc ml « — ... 
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ink-blot 


the form of 20 “ ink-blots .” With Whipple’s 
of two procedures may be followed In the first^ method ot 

Drocedure the subject is asked to loo|^ a . . j . 

taking his own time and trying it in different positions, and to 

write down all the things he can see, or rather imagine, m e 
.. ; n k.blot.” In the second method of procedure the 20 cards 
are arranged in a pile, face downwards, and the subject is 
instructed^to turn over the first card on a signal from the^ex- 
perimenter, to look at the “ ink-blot,” and to say now, or 
tap on the table, as soon as it has suggested some picture. A 
stop-watch is started by the experimenter when he gives the 
signal and stopped when the subject says “ now” or taps on 
the table to signify that a picture has come. In the first pro¬ 
cedure the result is based on the total number of pictures.sug¬ 
ared in the second on the average time taken for a single 
picture to present itself. These results are in both cases 
quantitative, but interesting qualitative differences between 
individuals are also shown by the kind of pictures suggested. 

This test is called a test of the fertility of visual imagination. 
It is difficult to say how much stress should be laid on the 
word “visual.” It is by no means easy to see how material 
can be prepared and standardized for investigating fertility of 
imagination in other sense departments. On the other hand, 
we dare not take the results of this experiment as evidence for 


fertility of imagination in a general sense. 

Constructive Ability.—What has just been said regarding 

fertility of imagination holds with even greater force regarding 
constructive ability. Nearly all the rigorous experimental 
work has been limited to a narrow field—the field of linguistic 
invention—and the results must be interpreted with reference 
to this field alone. 

Several varieties of method have been employed. The most 
familiar method is that which has been named after Masselon, 
who first used it, the “ Masselon Method.” This consists in 
giving the subject certain words—usually three—and asking 
him to make sentences, each containing all three words. The 
words given may be either nouns or verbs. Five minutes 
should be allowed for each set of words, the subject writing 
as many sentences as he can in the five minutes. The number 
of sentences gives a qu8ntitative result, but a qualitative esti¬ 
mate is not quite so easily obtained except in a more or less 
crude way from the quality of the sentences given. Meumann 
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“ ^'%eli!Zttw 0 orse tlstrf ** 

p I e tion. Binets experiments with his two daughters hv th!* 
method are very well known. The subject is given the begin 
nmg of a sentence, and required to complete it. 8 Characteristic 
differences were found by Binet in the way in which his two 

marked differences! 
•t*or example, the one 

41 « * _ 

“ I 


were a 

the nature of the completions given 
completed the sentence “ I entered 


entered the field by a covered footpath,” the other by writing 

rhnrnl 1 ^ 6 " wl grocer s sho P and bought a pennyworth of 
chocolate. When a quantitative result is sought in this ex¬ 
periment, we give the subject a blank with the beginnings of 
wen y- ye sentences, expose these one at a time, and take 

the time in each case from the exposure till the subject begins 
to write the completion. 5 

The “ Completion Method " of Ebbinghaus may also be 
taken as partly a test of constructive ability, though it is to a 
much greater extent a test of intelligence, in the narrower 
popular sense, than of imagination. In this method the sub¬ 
ject is presented with a continuous passage in prose, with certain 
words or phrases omitted, which the subject is asked to supply. 
A method, which may be described as the converse of this is 
to give the subject certain words, and ask him to write as long 
a story containing them as he can. This is a modification of the 
linguistic invention test which may obviously throw much light 
upon a subject’s imaginative ability. It is clearly a better test 
of the kind of constructive ability we wish to investigate than 

the Ebbinghaus method, but to obtain quantitative results from 
it is somewhat difficult. 

Finally, word-building ** has been suggested and employed 
as a method of testing constructive ability. In this case the 
subject is given six letters, and directed to make as many words 
as he can with these letters, using as many or as few of them 
as he likes, but using no letter twice. A time limit of five minutes 

is imposed, and a quantitative result is.obtained by counting the 
number of words made in that time. 

The Thought Processes. —The reproach has frequently been 
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directed against the advocates of experimental psychology by 
the representatives of the older philosophical psychology that 
experimental methods have a very limited applicability in the 
study of the mental life of the human being, and in support ot 
their contention the latter almost invariably cite the higher 
thought processes as an admirable illustration of the limitations 
of experiment. The reproach is hardly justified by the facts 
of the situation. It is true that experimental methods have 
met with very limited success, when applied to the study o 
the higher thought processes, but the same can be said with 
even greater truth of the older methods of study. It is quite 
certain that a psychology which is not experimental is to-day 
an anachronism in any department of the mental life* In the 
case of the higher thought processes the employment of experi- 
mental methods has at least made clear what the psychological 
problems are, and has at least defined the limits of psychology, 
as distinct from logic and the theory of knowledge, whereas 
the older philosophical treatment mixed up the whole three 
together, so that it was quite impossible to say where the psy¬ 
chology of the thought processes began and where it ended. 

The experimental study of the thought processes has sought 
in the first instance to define more clearly the nature of thought. 
In carrying out this task the perennial problem of imageless 
thought necessarily emerges, whenever the psychologist comes 
to consider the mental content—what is before the mind—in 
thinking. This has, in fact, been a problem for psychology 
since the time of Aristotle. In pursuing the enquiry whether 
the soul was separable from the body, Aristotle came to the con¬ 
clusion that, if any functions of the soul were capable of being 
carried on without bodily organs, then so far the soul was 
separable, and capable of existing separate from the body. 
Thought would appear to be such a function, if thought is pos¬ 
sible without imagery. Hence the importance for him of the 
problem of imageless thought. His finding was that, though 
there is nothing in the nature of thought itself demanding 
bodily organs, yet in actual fact thought in the human being is 
never without images, and since images depend on sense per¬ 
cepts, and therefore sense organs, thought in the human being 
is not actually carried out without bodily organs. Practically 
every psychologist since Aristotle has come on the same problem 
of imageless thought in some form or other, whenever he came 
to discuss the higher thought processes. Sometimes the question 
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of which are elaborated in his work The Evolution of General 
Ideas. He wished to determine what was in consciousness on 
reading or hearing a general term. The experiment was con¬ 
ducted in the same way as the “ Word List Method ** of studying 
imagery, which has already been described. Ribot’s subjects 

divided themselves into three groups:— 

1. A group having visual or motor imagery of an object— 

called by him the concrete type. 

2. A group reporting a visual image of the printed word— 
called by him the typographic visual type. 

3. A group reporting no imagery of any kind—called by 
him the auditory type. 

A large proportion of his subjects belonged to the third 
group. His designation of these as the auditory type is quite 
unjustified. They said they had nothing in the mind at all. He 
argued that this could not be taken literally. The word at 
least must have been in consciousness, and if the word was 
understood there must have been something more. Otherwise 
there would be no difference between an understood word and 
a word in an unknown language. He concluded that this 
something more must have been unconsciously represented. 
As far as it goes the experiment gives evidence in favour of the 
view that imageless thought is possible. 

The process of abstraction was also investigated by Moore 
by means of a recognition experiment. He employed groups 
of geometrical figures, in which one figure was repeated in vary¬ 
ing position with regard to the others. The subjects were 
instructed to look for the repetition of a figure, and to stop the 
exposure apparatus when they felt certain that one had been 
repeated . 1 Aveling studied the same problem by means of a 
learning experiment, in which nonsense-words of two syllables 
were exposed along with pictures.® Both these experimenters 
reported in favour of imageless thought. It is obvious that in all 
these experiments the introspection of the subject is of chief 
importance. For this reason little reliance can be placed on 
the introspections of inexpert subjects. This being so, a new 
source of error must be taken into account. That is an uncon¬ 
scious bias in favour of some particular view. It would, per¬ 
haps, be better to say the unconscious influencing of introspection 

1 TJ 10 ^f ocess °f Abstraction (Univ. of California Publications). 

* Consciousness of the Universal pt. ii. 

16 
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of the psychologtcal nature of the process we call judgment 

think- 6 t 2? h k t0 be the fundamental and elementary type of 
thinking. The procedure he employed was simple. He asked 

_ e subject to perform a simple task involving judgment and 

then to give a careful introspective account of what passed in 

beWhirn f- In th K* fi f St fu eS ° f ex P eriments the subject had 
before him two objects of the same size and shape, but differing 
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hand, to the same height, and then to invert the heavier one. 

In another series the subject was asked to listen to a tone and 

then to attempt to reproduce it as accurately as possible! In 

other series he was asked to add together two numbers called 

out by the experimenter, to answer specific questions, and so on. 

In all cases the introspection was the main thing, and the period 

of each experiment was fractionated to make it as detailed and 
accurate as possible. 


Marbe took as his definition of a judgment “ a conscious pro- 
cess to which the predicate right or wrong can be significantly 
applied. This is, of course, a logical, not a psychological, 
definition. The results of his investigation led him to the 
conclusion that there are no psychological conditions of the 
judgment as such, and this, in turn, led him to modify his view 
of the nature of judgment, so that he asserts that ** all experi¬ 
ences may become judgments, if it lies in the purpose of the 
experiencing subject that they should accord, either directly or 
in meaning, with objects. * More significant than this finding 
are some of the phenomena which come to light in the intro¬ 
spections of his subjects, and which other workers in the 
laboratory at the same time, who were working on association, 
also came across. These were the phenomena called at Marbe’s 
su gff es tion conscious attitudes ” (Bewusstseinslagen). These 

were mental processes which refused to be described as either 
ideas or volitions. 
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The next group of workers on the problems—-Watt, Messer, 
and Ach—employed somewhat different methods. The first of 
them was Watt. He employed partially constrained association 
experiments. A word was exposed visually, and the subject 
was required to respond with a word standing in a definite 
relation to the stimulus word. Three types of relation were 
employed—co-ordination, subordination and superordination. 
The chronoscope was used to take times, and systematic in¬ 
trospection was directed to four phases in the total experiment 
—the preparation period, the appearance of the stimulus word, 
the search for the response, and the response. Watt found 
the essential element in the act of thought or judgment to be 
the task (Aufgabe). In other respects also his results con¬ 
firmed the results of Marbe. 

Messer continued Watt’s work, and at, first by the same 
methods, except that he used free association in place of 
partially constrained. Later he passed on to partially con¬ 
strained association, and later still to wholly constrained. This 
meant really a change of method. Just as the Word List Method 
had given place to the Association Method, so the Association 
Method gave place to the Mental Test Method, as we may call 
it, for that is what constrained association came to mean, if not 
in the hands of Messer, at any rate in the hands of his successors, 
at Wurzburg and elsewhere. Biihler, who carried on the work 
on the thought processes at Wurzburg after Messer, maintained 
that it was necessary to make the subject think if we wished to 
study the thought processes. In order to secure this end he 
presented the subject with specific questions demanding thought. 
Buhler claimed to have determined the nature of the “ conscious 
attitude which his predecessors had found. It involves, he 
concludes, a consciousness of the processes of thought itself. 

He, also, comes quite definitely to the finding that thought may 
be imageless. 

. cannot here discuss the findings of these investigators 
with regard to the nature of thought, and the possibility of 
imageless thought in particular. What we are rather con- 
cerned with is the development of experimental methods for 
the study of thought. As we have pointed out, Buhler’s method 
was practically the method of Mental Tests, and workers else- 

W ^ re ’, . e Woodworth, and Spearman, have in the main 

e 1 ^ me th_ 0< L The last two have made considerable use 
01 tests involving conceptual process, such as the “ analogies ’* 
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CHAPTER XV 


LANGUAGE AND ITS DEVELOPMENT 


I T might be said that the biological function of language 
is to enable human beings to communicate with one another 
in order to secure co-operation in tasks which one individual 
cannot accomplish single-handed. Intercommunication is se¬ 
cured because language makes it possible for one individual to 
guide and control the thought, and so the external behaviour, 
of another individual. Language also makes it possible for an 
individual to guide and control his own thought processes. 
The guidance and control in both cases depend on the same 
conditions, and an investigation of these conditions leads us to 
an understanding of the psychological nature of language and 
its fundamental psychological functions. 

Fundamentally, language is an instrument of conceptual 

analysis and synthesis. By means of individual words or signs 

the aspects or partial features of concrete perceptual or ideally 

represented situations are singled out, and, as it were, fixed. 

This is conceptual analysis—analysis into concepts—each word 

or sign representing a concept, or a product of conceptual 

process. Then, by the order and succession of the words or 

signs, the situation can at any time be ideally reconstructed, 

either for our own purposes or for the benefit of another. This 

is the conceptual synthesis, represented normally in our spoken 

or written language by a sentence or succession of sentences. 

The concrete particular situation is built up again out of the 

concepts, one word limiting or determining the meaning of 
another. 


For example, if A says to B : “A red book was lying on the 
table, he has analysed a perceptual situation into its conceptual 
aspects and elements, “ red,” ” book,” “ table,” “ was lying,” 
on, and, by the spoken sentence, enables B to reconstruct 
the situation in idea. Such is the characteristic psychological 
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function of language, and this function may serve as a test for 
its presence or absence. Ability to make language sounds in 
the case of the child, as in the case of the parrot, does not 
necessarily imply ability to speak. Only when the sounds, or 
other signs, perform the psychological functions of conceptual 
analysis and synthesis, can we say that language is present. 
This, of course, implies that conceptual process is necessary 
before language can come into existence, and it is equally true 
that language is necessary before conceptual process can develop. 

A further characteristic of language is that it is a system of 
expressive signs. Stout has defined a “ sign M as “ some action 
or perceptible result of previous action expressly intended for 
communication of ideas to self or to others,” 1 This definition 
is somewhat restricted. It covers, it is true, language signs and 
signs of an analogous nature. But it does not cover all kinds of 
signs. We might, perhaps, define a sign psychologically as 
“ some experience, the main function of which is to call to mind 
some object, idea, or line of action—the meaning.” There are 
different kinds of signs, as Stout has pointed out. A demonstra¬ 
tive sign is a sign the aim of which is to call attention to some 
special part or element in the perceptual situation. A suggestive 
sign is a sign the function of which is to call some idea to mind, 
which thereafter can be appropriately dealt with without further 
use of the sign; that is, the function of the sign is completely 
fulfilled in calling to mind. A substitute sign is a sign which 
can take the place of the idea or meaning for which it stands, 
and which, therefore, enables us to dispense with the need of 
keeping its meaning in mind. An expressive sign is a sign 
the function of which is to keep its meaning before the mind. 
Language, then, is a conventional system of expressive signs, 
functioning psychologically as an instrument of conceptual 
analysis and synthesis, and practically as a means of inter¬ 
communication between individuals. 

In the functioning of language three kinds of process are 
involved. In the first place there are the motor processes 
involved in producing the signs. These are highly co-ordinated 
movements of groups of muscles. Movements are the natural 
vehicles of expression, and the high degree of control which we 
can exercise over movements—whether actual movements or 
imagined movements—implies a high degree of control over 


1 Groundwork of Psychology ,p. 148. 
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language. In the second place there are sensory processes: 
(a) representing the receptive side of the language function; 
and ( b ) guiding and directing the muscular co-ordinations. 
Normally, the senses used are vision, hearing, and kinaesthesis, 
but, under special conditions, as in blind-deaf mutes, touch may 
take the place of the first two. In the third place there are 
interpretive processes, in so far as the language is understood. 

The normal civilized human being possesses two language 
systems, the system of oral speech, and the system of graphic 
language. In their evolution these two language systems at 
first developed independently from that magma of imitative 
sounds and gestures, to which we must look for the earliest 
beginnings of language. Sounds, eked out by gestures, were 
employed to communicate with those present or near at hand; 
drawings, representing objects, actions, etc., were employed to 
communicate with the absent, and these must be considered 
as, in principle, direct imitations of the objects or acts, without 
any reference to the sounds by which they were indicated. 
Oral speech and picture language coalesced to form one language 
system when drawings or graphic signs were employed to 
represent, not objects, but sounds in the oral speech system. 

The experimental investigation of language has followed two 
main lines, corresponding to the two language systems. On 
the one hand, there has been a study of the development of 
speech in the child, concentrating mainly on the development 
of the child’s vocabulary. On the other hand, there have been 
investigations covering various aspects of graphic language, 
both in its production and in its apprehension and comprehen¬ 
sion—that is, both with respect to writing, and with respect to 
reading. In addition to these main lines of investigation be¬ 
longing properly to the sphere of experimental psychology, 
there has been considerable study of disorders of speech, which 
is of sufficient interest for the experimental psychologist to be 

briefly noted here. The various lines of investigation will be 
treated in turn. 

Development of Speech in the Child. —Many investigators 

have studied the development of speech in the child. Part of 
this study has been concerned with the development of speech 
sounds, but that is relatively of much less importance than the 
study of the development of real language. Students of this 
aspect of child development have recorded the extent of the 
child s vocabulary and its nature, together with the types of 
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Y 1 tk ! e B h ‘ s vocabu 


the dictionary. 

lary is , 4,400 words. For a reiiable'eVttaato"Sf^SuWbl' 
thelSults We d ^ 3t kaSt three Sam P )es - and average 

revision of'theBm'e^Testsaslnelf theteZ^but it^aTo 11 * D h ll t 

bl^r oX 0/^ ^ Ts in tended 1 to 

5 words each. Definitions are required. If the exoerimen ter 
wishes to save time a single series of 50 words may be used 

*»£ »»«% <M~f by ,4 i „ XC'S", 
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Somewhat interesting results may be obtained by classifying 
the words obtained from children at different ages under the 
parts of speech. While different investigators have obtained 
rather conflicting results, it seems clear that with the expanding 
of the child’s environment there is an increase of nouns relative 
to other parts of speech, that increase of verbs indicates increas¬ 
ing range of conscious control, and that certain of the other 
parts of speech, such as pronouns, prepositions, and conjunc¬ 
tions, are significant of definite levels of intellectual develop¬ 
ment. Some investigators have also recorded, in place of the 
individual words, the sentences used by the child. This, per¬ 
haps, gives a still better idea of the language of the child, and the 
increase shown in the average number of words in the sentence, 
as in the complexity of sentence structure, with increase in the 
age of the child, is very notable. 

Graphic Language. —As we have already indicated, graphic 
language has two aspects—its production and its apprehension, 
or writing and reading. Considerable work has been done in 
the psychological analysis of both aspects. The psychological 
analysis of reading, so far as the psychological laboratory is con¬ 
cerned, has, in the main, concentrated attention on three points : 
(1) the recognition of words; (2) eye movements in reading; 
and (3) speed of reading, and the conditions determining it. 

The recognition of words in reading is investigated by means 
of the tachistoscope. The main problem first emerged in the 
form : do we read by recognition of the individual letters or 
by recognition of word-wholes ? Evidence from pathological 
cases of disturbances of the language function seemed to indi¬ 
cate that we do not read by individual letters. The earliest 
experiments appeared to confirm the view that we read by 
word-wholes. Later work has, however, qualified this finding 
to a considerable extent. It has been shown that in the recogni¬ 
tion of the total word-form certain characteristic letters or letter- 
groups play a dominant part. It has also been shown that in 
actual reading th e context of meaning has considerable influence 
on the final recognition of a word, though there is what one 
may call an incipient recognition preceding this final recognition, 
which is largely determined by characteristic letter-groups or 
characteristic word-forms. 

The study of eye movements in reading is an admirable 
illustration of the development of elaborate technical methods 
in this field. The eye movements of a reader can be studied 
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by direct observation. This at once reveals the fact that the 
movements are not continuous like the reading, that there are 
short jerky movements, alternating with pauses, as the eye 
passes along each line, with a longer swing backwards to the 
beginning of the next line, as each line is completed. The move¬ 
ments can also be easily followed by an observer by placing a 
mirror in front of the subject. In this case a record of the move¬ 
ments can be made by making a dot for each short movement 
and a line for each longer backward swing. Huey 1 studied 
the eye movements by anaesthetizing the surface of the cornea, 
and placing on it a small ring, with a light lever attached, so 
that the movements could be recorded on a smoked surface. 
With this method the movements and pauses could also be 
timed by marking a time record on the smoked surface simul¬ 
taneously with the recording of the eye movements. Dodge 
carried elaboration a step farther 2 by photographing the eye 
movements on a plate sliding vertically. By interrupting the 
light focussed on the eye, by means of which the photographic 
record was obtained, the interruptions being made by a vibra¬ 
ting tuning-fork, he was able to record also the time of the 
movements and fixations. All investigators have found that 
practised readers fall into a definite habit of eye movement, 
the number of movements and fixations varying with the length 
of the line and the nature of the matter read. 

The rate of reading varies enormously in different individ¬ 
uals, and with different kinds of reading matter. With light 
reading matter the range is from about 3-5 words to 15 words 
per second. Some early investigators found that the quicker 
readers were also able to reproduce more of what they had read 
than the slower. It is very doubtful whether this finding is 
reliable. Unpublished researches by one of the authors seemed 
to indicate that the amount reproduced did not vary directly 
as the rate of reading, but rather was independent of it. The 
main cause of slow reading with educated adults would appear 
to be the inner speech. Sometimes, with very slow readers, 
every word is actually whispered. On the other hand, with 
very fast readers, the inner speech is a mere skeleton, if it exists 
at all. One very fast reader in the investigation just men¬ 
tioned claimed that there was no inner speech at all in either 
auditory or motor terms. 

1 Psychology and Pedagogy of Reading , p. 25. 

8 Psych. Rev. Monograph Supplement , viii. 
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The experimental investigation ot writing 4 nTp act of 

writing involves complex muscular movements and , 

tions. There are movements of the fingers a ? d ^ ns ’ R °Jf iditv 

the study of writing. Similarly, motor control, as indicated, 

for example, by ability to hold a metal sty us 
small circular hole, without touching the sides, has been studied 
with reference to other problems than those of writing. All sucii 
studies have an obvious bearing on the mechanics of writing. 

A specific investigation of writing movements which is ol 

considerable interest, was carried out by JM d - J udd . 

an apparatus by means of which finger and hand moveme ^ 
in writing could be separated. A writing point was attached 
by a U-shaped spring to the fifth metacarpal of the writing hand. 
In this way, while the subject was writing a word, the share 
of the hand in the total movement was shown alongside ol the 
actual writing, and a comparison of this with the writing indi¬ 
cated the work done by the fingers. The only component of 
the hand movement that cannot be recorded by Judd s apparatus 
is the rotation movement in pronation. The work of the fingers 
varies with the writer, with the instrument, and with the speed. 

Several investigators have also studied pressure in writing, 
and particularly the pressure on the writing point. Such study 
has a very distinct bearing, not only on the psychology of writ¬ 
ing, but also on the study of defective and feeble-minded children, 
and on the study of the effects of drugs on motor co-ordination. 
In general, the apparatus employed has recorded the pressure 
on the writing surface. Kraepelin employed what he called a 
“ Schriftwage,” consisting of a plate supported by springs, the 
pressure on which was recorded on a smoked surface by a lever 
mechanically connected with it. Meumann got his pressure 
curves by resting the writing plate on an air-cushion, pneumatic¬ 
ally connected with the recording lever. Drever recorded pres¬ 
sure from the writing instrument itself, by receiving the pressure 
of the top end of pen or pencil on a receiving tambour. 2 


1 Genetic Psychology for Teachers. 

* Proc . of the Royal Society of Edinburgh , xxxiv. The paper also gives 
some account of studies of grip pressure in writing, a field that has scarcely 

been touched. 
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The pressure curves given by adults and children respec¬ 
tively show characteristic differences. With adult writing 
there is a more or less rhythmical increase and diminution of 
pressure, whereas this characteristic is entirely absent with 
children before the age of about eleven. Moreover, the pressure 
curves show that the adult writes a word with a single impulse 
while a child has a separate impulse for each letter, and some¬ 
times for each stroke. The child is, in fact, drawing, not writ¬ 
ing. Both these characteristics are due, on the one hand to 
the course of development of co-ordination of movements/on 
the other hand, to the fact that writing is a form of language, 
and the psychic impulse is, therefore, an impulse to write a 
word, not to draw a line or letter. The rhythm in writing is 

analogous to the rhythm in speech, when real writing has 
developed. 

The inner speech which usually accompanies writing has 
been found to be curiously complex. Continuous speech, 
carrying the meaning, appears to go in front of the writing] 
but seldom farther than the completion of the sentence that is 
being written. We are also usually conscious of the words as 
we write them, and of the words we are about to write. Lastly, 
there is an inner accompaniment of the writing, which would 
seem to consist generally of the repetition, often with distinct 
consciousness of articulation, of the elements of the words, or 
at least the prominent elements of the more important words. 
Slips of the pen in writing may often be traced to their source 
in this complex inner speech. 

Disorders of the Language Function. —Neurology and psy¬ 
chopathology have contributed significantly to our understand¬ 
ing of language arrd its mechanisms by the study of the various 
disorders of the language function. Such disorders may be 
classified under three heads, representative of the three types 
of process involved in normal speech. In the first place there 
are disorders and defects of articulation, or generally of the 
mechanism of speech production —dyslalia or dysarthria. The 
commonest form of defect coming under this head is stammering 
or stuttering. Apart from other causes producing this disorder, 
Ballard 1 has brought forward evidence to show that a not 
negligible cause of temporary disorder at least is the attempt 
to compel the left-handed children to write with the right hand. 




1 Journal of Experimental Pedagogy, vol. i., p. 298. 
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Coming under the same head are cases of mutism resulting 
from congenital deafness. In the second place there are dis¬ 
orders and defects, either on the sensory or on the motor si e, 
affecting the apprehension or the production of language, bu 
not of sounds— dysphasia , or more usually simply aphasia. 
These disorders are due to lesions in the cerebral centres for 
speech, and have been classified as sensory or motor, and cortical, 
subcortical, or transcortical. In the third place there are dis¬ 
orders in the interpretive functions— dyslogia. These cases are 
generally included under the general head of aphasia, but they 
necessarily involve mental defect, and simple aphasia need not, 
at least theoretically. There is a form of defect in children, in 
which speech fails to appear, although there is no deafness and 
no paralysis of the organs of speech. This has sometimes been 
called congenital aphasia. These cases frequently develop speech 
very late, retaining marked articulatory defects. 

Comparatively simple tests will enable us to determine in a 
preliminary way the type of language defect present in any 
individual case. We test whether the individual:— 


1. Can hear sounds of any kind. 

2. Can hear words spoken. 

3. Can understand words spoken. 

4. Can see objects. 

5. Can see printed or written words. 

6. Can understand printed or written words. 

7. Can speak voluntarily. 

8. Can repeat words. 

9. Can read aloud. 

10. Can write voluntarily. 

11. Can write from dictation. 

12. Can copy. 


These questions cover defects of graphic, as well as of spoken 
language, so-called alexia and agraphia , as well as aphasia, in 
the narrow sense. Passing tests 2, 3, 5 > 6, and failure to pass 
7, 8, 9, 10, 11, 12, would indicate cortical motor aphasia. Pass¬ 
ing tests 2, 3, 5, 6, 10, 11, 12, and failure to pass 7, 8, 9, would 
indicate subcortical motor aphasia. Passing tests 5, 7 » 10, and 
failure to pass 2, 3, 6, 8, 9, n, 12, would indicate cortical audi¬ 
tory aphasia. Passing 2, 3, 7, 8, and failure to pass 5, 6, 9, 10, 
11, 12, would indicate cortical visual aphasia. And so on. 


CHAPTER XVI 

MENTAL TESTING 


E XPERIMENTAL psychologists have, in recent times 

devoted great attention to the subject of mental testing* 
oth from a theoretical and from a practical point of view, 
theoretically, the main purpose of investigation has been to 
determine whether there is such a thing as general intelligence 
and, if so, to define its nature, and trace its development! 
Practically mental tests find diagnostic, educational, and voca¬ 
tional application, as we shall see presently. In this field 
experimental psychology takes on a somewhat novel aspect. 
Introspection is virtually abandoned, attention being concen- 
trated solely on the results produced by the subject under the 
test conditions or in the test situation. Technique is simplified 
by the minimizing of the use of apparatus and the stereotyping 
of procedure. Careful and accurate statistical treatment of data 

assumes an importance it possesses in no other field of experi¬ 
mental psychology. 

In the ordinary man’s scheme of the social universe one of 
the fundamental axioms is that some men are more “ intelli¬ 
gent ” than others. When pressed to say what he means by 
intelligent, he will answer by some such phrase as “ able to 
see through things,” or “able to learn things.” The opinion 
of the ordinary man is shared by the teacher. School records 
seem to show most unmistakably that children differ in 
“ intelligence,” and that this difference shows itself in prac¬ 
tically all branches of school work, so that the difference in 
“ intelligence ” seems to amount to a difference in general 
capacity, or all-round ability, as far as school work is concerned. 
Here, then, the first problem for experimental investigation 
presents itself. That is to determine whether the opinion of 
the ordinary man, and of the school teacher, that individuals 
differ from one another in respect of a general character, which 
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may be called " general intelligence or general capacity, 

has 7 any foundation in fact. The emphasis is really on the 
word “general.” We know that men differ in special capaci- 
ties as for example, in acuity of vision or hearing, m pitch 
discrimination, in immediate memory, in fertility of imagination, 
and so on. So much our work in experimental psychology up 
to the present has clearly shown. But when it is implied that 
there is some general or central factor which enters into prac¬ 
tically all special capacities, and in which individuals diner 
from one another, that is obviously an implied assertion that 

demands special evidence. 

The Problem of the General 


The solution of the 


problem of the real existence of a general capacity depends, 
in the first place, upon our being able to test special capacities, 
and in the second place, on our possessing some means of 
determining whether the performances in these tests indicate, 
or not, the presence of a general factor, exerting an influence, 
though in varying degrees, upon all. It has been claimed that 
we do have the necessary tests, and that in the correlation 
coefficient we have a means of determining the extent to which 
one and the same central factor influences the performance in 
different tests. This is not the place for a theoretical discussion 
of these contentions, and it must be said that there are several 
points at which somewhat acute controversy has developed. 
We are here concerned merely with the experimental procedure 


that has been adopted. 

The employment of the correlation coefficient in a relatively 
simple case may be illustrated by some investigations carried 
out early in the present century by Aikins and Thorndike. 
They asked the question whether there is any general ability, 
that may be described as general speed of association. Then 
they tested individuals for speed of different kinds of associa¬ 
tion. If, in such an experiment, correspondence, as indicated 
by the coefficient of correlation, is shown between the speed in 
one kind of association and the speed in another kind, that 
may be taken as evidence in favour of the existence of a general 
ability of the kind sought. If no significant degree of corre¬ 
spondence shows itself—as was actually the case in the particular 
investigation cited—then we may argue that there is no evidence 
of the existence of any such general capacity as *' quickness of 
association.” 

An earlier investigation than that of Aikins and Thorndike, 
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on somewhat similar lines, but involving what may be called 
the typical procedure where the problem of general intelligence 
is being studied, was that of Wissler. Wissler obtained the 
college marks in various subjects of 200 students, and gave 
these students some simple mental tests. He then calculated 
the correlation between the marks obtained in one college 
subject and those obtained in the others, between the results 
of one test and the results of the others, and finally between 
the results of the tests and the marks in the college subjects. 
The argument would be that if there is correspondence between 
the marks in different college subjects, this is evidence for the 
existence of a factor or factors influencing efficiency in all the 
subjects showing correspondence of marks, and to the degree 
indicated by the degree of correspondence shown. Similarly 
if there is correspondence in the results of the different tests, 
this means that a common factor is influencing these results. 
And, finally, if there is correspondence between the college 
marks and the test results, the presumption is that the same 
general factor is manifesting itself in both cases. As it happened, 
Wissler got considerable correspondence indicated between the 
marks in the various subjects, but relatively slight correspon¬ 
dence in the other cases. 

Thus, to determine whether a general factor is influencing 
the results of different tests we calculate the correlation co¬ 
efficient between these tests. To determine whether this 
general factor is what we call “ general intelligence ” we obtain 
some measure or measures of “ general intelligence ”—in 
Wissler’s investigation the college marks—and calculate the 
correlation coefficient between this and the test results. If 
there is perfect correspondence or correlation, the correlation 
coefficient calculated by means of the formula given in the 
Introduction will be + 1. If there is perfect inverse correlation 
it will be — 1. Hence the correlation coefficient will be some 
value between + 1 and — 1. The degree of correspondence, 
direct or inverse as the case may be, will be indicated by the 
value of the coefficient. Generally speaking, a value below *4 
is not very significant, though the significance of any value de¬ 
pends on circumstances. The procedure we have described holds 
good whether what we call “ general intelligence ” is a simple 
factor or a complex of factors. That is, after all, the main 
practical point. If we seek to define the nature of “ general 
intelligence ” the calculation of correlation is still the method 
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we employ, though the precise procedure is beyond the scope 
of the present discussion, and the results obtained are more 
difficult of interpretation. At this point, in fact, controversies 
have developed into which there is no need to enter at present. 

For experimental psychology the most important outcome 
of the work on the general factor has been the devising of tests 
suitable for the measurement of general mental capacity, what¬ 
ever may be its ultimate nature, and for the study of its develop¬ 
ment in the child, and its variations among children and adults 
alike. In the early days of the investigation we have been 
discussing, the tests employed were, in the main, simple sensory 
or motor tests, with tests of attention and of memory. As the 
work proceeded, tests involving higher mental processes—such 
tests as those employed in the study of the thought processes, 
as already described—were added. At the present time, tests 
of the latter type are almost exclusively employed when we 
desire to test intelligence for practical purposes. 

The reason for this development is admirably shown in a 
series of investigations by Burt. These began with an investiga¬ 
tion in Oxford. The subjects were school children between the 
ages of 12^ and 13^. Twelve tests were employed, ranging from 
simple sensory and motor tests to tests of voluntary attention 
and the span of apprehension. An independent estimate of the 
intelligence of the subjects was obtained from school marks, the 
opinion of the teachers, and the opinion of the headmasters 
of the schools from which they were drawn. The kind of 
correlations obtained is indicated by the following table (the 
correlation is with the independent intelligence estimate in 
each case):— 


Teat. 

S patial threshold 
Weight discrimination . 
Pitch discrimination . 
Comparison of lengths 
Tapping . 

Span of Apprehension 


Thus, simple sensory and motor tests have evidently little 
correlation with general intelligence, but tests involving the 
aigher mental processes show, as we should expect, considerable 

17 


Correlation. 


•13 

•13 

•40 

-29 

•47 

•76 


Teat. 


Card-dealing 
Card-sorting . 
Alphabet finding 
Learning . 
Mirror drawing 
Irregular dotting 


Correlation. 


- a A 

I I 

52 

•6l 

*57 

•67 

•80 
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correlation. Burt had this in mind in his second experiment 

which was carried out in Liverpool, in which he added to the 

tests previously given several tests involving even more definitely 

the higher mental levels, such as the analogies test, the syllogism 

test, the Ebbinghaus completion test, the picture reconstruction 

test, and several others. In the Liverpool investigation the 

highest correlation (72) was given with the reconstruction of 
pictures test. 

1 

The theoretical aspects of intelligence testing were soon 
overshadowed by its practical aspects, and the most important 
outcome of all this work on the general factor was, as we have 
already indicated, the providing of a great number of valuable 
tests of which a practical use could be made in assessing an 
individual’s mentality. To the consideration of the chief 
developments in this direction we must now address ourselves. 
Isolated tests of the type employed in the investigations we 
have been discussing may be employed for the practical purpose 
of determining an individual’s mental level. For such tests to be 
really serviceable, four main essentials must be kept in mind :— 

1. The tests must be easy of application. 

2. They must require little or no apparatus. 

3. They must yield results which can be measured in quan¬ 
titative terms. 

4. They must, as far as possible, measure innate ability, so 
that no individual may be placed at an advantage owing to 
better education and better opportunities. 

In place of a “ battery ” of individual tests, however, it has 
become customary in individual testing to employ graded 
scales, the “ battery ” of single tests being reserved, as we 
shall see presently, for group-testing. 

Graded Mental Scales. —Graded scales of tests are specially 

adapted for that particular kind of practical purpose which 
may be termed “ diagnostic.” The best-known graded scale 
is that devised by Binet and Simon, which has served as the 
basis of nearly all recent work in this field. In devising the 
Scale that bears their names, Binet and Simon had two ends 
in view: (i) to find the grade of mentality of any individual 
child; and (2) to diagnose mental deficiency in particular. 
The latter was really the original aim of the tests, but the aims 
of the investigators widened as the work went on. 

The Binet-Simon Graded Scale—or more briefly the Binet 
Scale—consists of a series of tests arranged in order of difficulty. 
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The first scale devised—the 1905 series—consisted of 30 simple 
tests arranged in this manner. The mentality of the subject 
was estimated by the number of tests he could pass. When 
we speak of the Binet Scale, however, we rarely refer to the 
1905 series, but to the later series of 1908 and 1911. In the 
1008 series most of the tests of 1905 were retained, but 33 ^ 
tests were added. The notion of a graded scale was retained, 
but modified in such a way that the tests were arranged in year 
groups corresponding to what purported to be normal mental 
age from 3 to 13, the norms being established by an examin¬ 
ation of 200 French children, drawn mainly from the poorer 
classes. This series was subjected to considerable criticism 
from several points of view. In particular it was claimed that 
many of the tests were wrongly placed. In order to remedy 
this defect, which was, in part, acknowledged by Binet himself, 
the T911 series—the Binet Scale as we now know it—came into 

existence. 

The Binet Scale of 1911 did not differ very materially from 
that of 1908. A few tests depending too much on scholastic 
attainments or environmental conditions were dropped, some 
transposing of tests to more suitable age-groups took place, 
and the number of tests in each age-group was fixed at five, the 
requisite number of tests for this purpose being added. Other¬ 
wise the series of tests presented no new features. A more 
satisfactory method of reckoning a subject’s mental age, how¬ 
ever, was proposed. The mental age was obtained from the 
age at which the subject passed all the tests, with the addition 
of one year for every five tests passed beyond. 

The Binet Scale was tried out by investigators in various 
countries. As a result several modifications were suggested. 
The chief revisions of the tests have been those of Goddard, 
Kuhlmann, Meumann, Terman, and Burt. The most important 
of these revisions is probably that due to Terman, and known 
as the “ Stanford Revision.” As a result of testing IOOO 
children, Terman came to the conclusion that for American 
children the Binet Scale was not very satisfactory. He found 
that the Scale was too easy at the lower end and too difficult 
at the top, that many of the tests were still wrongly placed, 
even in the 1911 series, that several of the tests were of rela¬ 
tively small diagnostic value, and that valuable types of test 
were omitted. Accordingly, the Stanford Revision represents 
very considerable modification of the Binet Scale. There are 
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90 tests arranged in 12 age-groups, for ages 3, 4, 5 6 7 8 0 

I2 > I 4 » 16, 18, with six tests in each group and several 
alternative tests. A method of recording mentality originally 
suggested by Stern, is adopted. This is by means of what is 
called the Intelligence Quotient (I.Q.), which is the ratio of the 
mental age in months to the chronological age in months. 

From age 3 to age 10 the subject is credited with 2 months 
for each test passed, and thereafter with 4 months. 

Terman maintains that the ratio of the mental age of a 
child to the chronological age under normal conditions remains 
constant, so that the I.Q. of a child tested at any age remains a 
permanent characteristic of that child. On the whole, experi¬ 
mental evidence would seem to bear this out. The child whose 
mental age corresponds exactly with his chronological age has 
an I.Q. of 100. The child of normal or average intelligence may 
be said to be the child with an I.Q. between 90 and no. The 
distribution of I.Q.’s is shown by the following table:— 


I.Q. 

Per Cent. 

Mentality. 1 

Above 140 

I 

Genius 1 

120-140 

5 

Very superior 

110-120 

14 

Superior 1 

90-no 

60 

Normal or average 

80-90 

14 i 

Dull 

70-80 

5 

Border-line—feeble-minded 

Below 70 

1 

1 

Feeble-minded or defective 


The latest, 1 best, and most comprehensive revision of the 
Binet Scale for English children is the London Revision by 
Burt. This is based more closely on the Binet Scale of 1911 
than the Stanford Revision. With the co-operation of Simon, 
Burt has translated the tests into terms and situations suitable 
for London children, and in the process has considerably re¬ 
adjusted the placing of the tests. His attitude, however, to the 
Binet Scale differs from that of what we may call the American 
school. In place of regarding the scale as substantially sound, 
and merely requiring adjustment here and there, Burt is in¬ 
clined to look on it merely as a temporary expedient, and holds 
that what is necessary is not a remodelling of the old scale, 
but an entirely new series of tests. As a result of his investiga¬ 
tions he concluded that with normal children the Binet tests, 


1 There is a later revision by Terman and Merrill (1937)* 
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t • are onlv moderately satisfactory, though 

as tests ofmte gea * defectives. Taken singly, the diagnostic 
more trustworthy with detectives. 1 them are of 

mk value* *For Ste and brighter children, such as candi- 

^‘ scholarships he is inclined to abandon the use of the 

Binet tests almost entirely in favour of tests of re^omng or of 

th . higher mental processes, arranged in some graded senes. 

One unsatisfactory feature of the Binet Scale is the P a *> s 
or fa" ' system 0 f making. This may involve, on the one hand 
the sacrifice of valuable data, and, on the other hand injustice 
m the subject. To avoid this defect “ Point Scales have been 
devised, in which by the assigning of points to each tes ^» 
credits are rendered possible. The hest-known of Point 

Scales is that due to Yerkes, Bridges, and Hardwick. This 
scale consists of twenty tests, most of which are those of the 
Binet Scale, and the mental examination is by means of the 
scale as a whole. To each test a definite number of points is 

assigned. The number of points credited to each subject is 
obtained by adding all the points scored in individual tests, 
the maximum being 100. Once norms have been established, 
we can get the mental standing of any individual by comparing 
his score with the average score for hb age, and we can also 

obtain a rating corresponding to Terman’s I.Q. 

Another recent attempt to avoid this defect of the tJinet 

Scale is the Herring Revision, which is, in reality, not so much 
a revision as a new series of tests. The Herring Revision com¬ 
bines the main features of the Binet Scale with those of the 
Yerkes-Bridges Point Scale. In addition, it presents char¬ 
acteristic features of its own. This scale consists of 3 ^ tests, 
each test consisting usually of a number of different parts, for 
each of which points are assigned. The characteristic feature 
of the scale, however, is that mental age can be determined by 
the use of fewer than the 38 tests. There are five groups of 
tests. Group A comprises tests I to 4, Group B tests I to 13, 
Group C tests 1 to 22, Group D tests 1 to 31» a-nd Group E tests 
1 to 38. We can obtain a mental rating from any of the groups. 
We must always begin with test 1, and then pass on to tests 

1 Burt has shown that success in the Binet tests depends to a very great 
extent on scholastic attainments—to the extent of about 50 per cent, indeed, 
and this has been confirmed by other investigators and indirectly by evidence 
from other sources, as, for example, from an investigation of the intelligence 
of canal-boat children in which it was found that the I.Q. declined with 
increasing age owing to want of schooling. 
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2, 3 , and 4. If desired the examination mav stnn t-h _ . 

approximate mental rating may be obtained To ^Vt” dan 

table read off the corresponding mental lit 1 f, ppende <i 

more careful examination is poU^orTdesffed Gm, “p* 

to complete Group B. But the score if r m , ddltloaaI tests 

reliable index of the subject’s ability to perform ' S taken a3 a 
tests of Group B. and JlPPnrrlin/Y f/s 4-l> - _^ tllC 


tests of Group B and according Penorm some of the 

Of the tests, therefore,' aretobf credff edtn" V?!' A ’ L Some 

given. The others in Group B Tre gfven 

Group B is the sum of the scores in Group A of the points f^ 

tional tests mven Ac *.u . scores in the addi* 

cesrs given. As before the score is translated infn t 

c a e g d e u?e y “fXwfd with^Groups*C^D 6 and > E C * Se ^ y ^ Sa ” epro - 

emK me 

s«f .a 

a L r 5 , ‘m ts ’ alread y alluded to. But it is obvious that 
senes 2 d mte lgence test may be used as the basis for such a 

t al } the tests hitherto described 

such as speech ch ‘ ldr ? n havin g «rtain special defects, 

s r ,.i 

knoln'S' ~ P' i'im'”;” 1 ;;”:'.”' *'• 

2?«“«”1 k£t rtU hi; “ 

thing like an extensive scale :_ p y on an ^ 

used bv^H^ah^a^^ fc yp e test has been extensively 
diffrrrni- frt ^ ^ others to diagnose mental defect. Many 

consist, of .™‘„bc, niVnSc„‘?lo 5 ,sSSr “ 

“■■t’cSt r,r “SJKtE'c 

recorded t *r by 1116 subj f ct ’ and the procedure followed, are 
also complete a picture This involves a combination of the 

A* ^ f * 


Fnmfh 1 ”* 3 ^ 6 ‘fi, P .u tUre ’ ,,,vul ves a comDina 

Form-board with the next type of performance test. 

1 Tests for pre-school children such as those devised by Gesell and by 
Stutsman belong charactensticallv to this tvn#» ° y ° €seu ana ™ 
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1 Picture Completion. Various forms of this have been 
emDloved A picture may be dissected into a number of rect¬ 
angular sections, and the subject required to build up the picture. 
OMthe subject may simply be required to fit into each of a 
series of pictures the appropriate parts, all the parts cut o t 

being similar in shape and size. 

% The Maze. This scarcely requires description. The sub¬ 
ject j s required to trace the path through a maze without 
crossing any lines, and the time taken, together with the course 

followed, is recorded. , . 

4 The Cube Test. The subject has to tap four cubes m the 

order in which they are tapped by the experimenter. 

Several other performance tests of a similar type have been 
devised. In some instances individual performance tests have 
been arranged so as to give a graded series of tests. Two of 
these ought to be specially mentioned. The one is Kohs 
Block Design Scale, the other the Porteus Maze Scale. 

Kohs’ Block Design Scale consists of a series of designs of 
increasing difficulty which must be constructed by means of 
coloured blocks. Similarly, the Porteus Maze Scale consists of 
a series of mazes of increasing difficulty. It is a very useful 
test with feeble-minded and defective children, but less suitable 
for normals, except those with some language handicap or 
defect. Another scale of performance tests is the Pintner- 
Paterson Performance Scale. This differs from the Kohs Scale 
and the Porteus Scale in that a number of different tests are 
employed—fifteen in all. The tests can be arranged so as to 
give a mental rating in various ways, but those who have used 
the scale prefer a rating based upon median performance, as 
given in tables drawn up by the authors. The Army Perfor¬ 
mance Scale is drawn up in much the same way as the Pintner- 
Paterson, and comprises, in part, the same tests. 1 

Group Testing. —The individual test is employed when any 
particular diagnosis is required, but where a large number of 
individuals have to be tested the time consumed becomes a 
rather serious consideration. To obviate this difficulty and 
economize time as much as possible, the Group Test has been 
devised. By means of the Group Test a large number of in¬ 
dividuals may be tested simultaneously. A great impetus was 
given to group testing by the American Army Tests. These 
tests, which were given to nearly two million men during the 
Great War, were drawn up by a committee of leading American 


Performance Scale, Drever and Collins, Perfonna 
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psychologists. Their object 

men of sufficient ability to be plac "d fa®”* hand to se, ect fi, 

and on the other hand to eliminate men °f responsibility, 

fifty minutes, and froups as large aj“,£?!? ZT tered in abou ‘ 
same time. ^ ge as 5 °° could be tested at the 

a rr 37 ° Set i S t 0f . grou P tests were drawn UD h v ti, a . 
niy psychologists, the first for «mhiAAf P t ^ American 

write English—the Army Alpha Tests^rh Wh ° C ? u,d read and 

and foreigners—the Army Beta Tests Tif eC « nd for il,itera tes 

eight tests—following directions iriT h ® , first consis ted of 

tical judgment, synonyms and anUvmf^^' pr ° b,ems - P^e- 

number series, analogies, and informatio’n^Ti^"^ senten ces, 
as typical of the usual Group Test Th» t , ,s ma ^ fi® taken 
a booklet, one type of test on mrh & tC j ts were P nn ted in 

that the minimum of writing was reaufr’f-d^ T?* S ° arran g ed 
assigned for each page which i!? t i. A tlme ,im ‘t was 
intelligent could hardly’W t0 S M ^ the most 
least intelligent could do some fa order in teStS > but the 

several different and equivalent forms of rhe 5 reven ? ^aching, 
prepared. H orms ol the Army Alpha were 

AIpha h a"e n thfotis er fae°Simofe, 0f ^ ^ as th ® Army 

Intelligence, fa aU tfase^ tesis of the Nationa ' 

together on one page. This has sev & 1 

least of which from a practical no.ni nf dlsadva ntages, not the 
timing each page sepaS'to ZTl? ™?J S J he 


timing each page separately'to get’^fai’/ratirvo / 116 ne ?. es . spy of 

mental standing. This disadvfnff - ra tmg of an individual’s 
Northumberland Group Tests anffVh ob ^ lat ® cl j? Thomson’s 
Examination, by arranging the var;! -! " 6 ? Psycholo g^ a l 

result is that only one tuning is necessa^v ihlr Z The 

different types. JeCt 18 enab,ed to do tests of all the 

f I ^ ^ ^ m a _ 


* - ^ ^ 

different types. - 

•antage. It penTlkeTtheItow thinker' Xb, ' . unavoldab,e dis ' 

• 1 of low men tali tv. W 

Ckf n ** *1J i» ttti ® 

Wherever 


f i r v ^Y“*" ,e ' cs tlie SiQ1 

he individual of low mentality. For this reason <r 

can only be regarded as of the nature of a “ first aid ” 
accurate mental rating is necessarv- and th “ s of 

AOP . , * * * Jn 


^ Vi LJUC ilct til] 

accurate mental rating is necessarv 

Test may indicate this— individual ^ 7 ^'° “Tf ” “ e t-—-r 

particular, unexpectedly low ratines bv lr^ USt . b f- added- Id 
confirmed by individual testing. S ° y g p testln g must be 

Temperament and Character Tests.— To be of real service, 
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intelligence tests must be supplemented by tests of character 
and temperament, a sphere of study which can only be said to 

be still in its initial stages. « 

The investigations into character and temperament nave 

taken four directions. In the first instance, attempts have 
been made to analyse the personality into its ultimate elements, 
and then to assess the individual for each trait. These schedules 
of human traits, while helpful in providing a clear survey of the 
ground to be covered, are open to the criticism that the traits 
tabulated are not really essential traits of personality, but are 

complexes of habits, neatness, tact, etc. 

Secondly, attempts have been made to classify individuals 
into different categories, according to the type of temperament 
possessed. We find in this group James’ differentiation into 
the explosive type of person and the obstructed type; or we 
may point to the more recent schema of glandular types. 

Thirdly, rating scales have been devised, by means of which 
individuals can be rated in order of merit for some particular 
trait. Or each individual can be rated separately from a key 
previously drawn up. The classic example of this latter is the 
Army Rating Scale devised by Scott, which was intended to 
pick out those who would make efficient officers. The first 
step in drawing up a rating scale is to decide on the traits 
which are essential, and in this instance five qualities were 


suggested:— 

1. Physical qualities (physique, neatness, voice, bearing). 

2. Intelligence (ease in learning, ability to issue clear orders, 
to estimate new situations, etc.). 

3. Leadership (initiative, force, tact, self-reliance, etc.). 

4. Personal qualities (industry, loyalty, readiness to take 
responsibility for his own acts, ability to co-operate, etc.). 

5 - General value to the service (professional knowledge, 
skill and experience, success as instructor, etc.). 

The rating scale, therefore, makes sure that the judgment 
will not be based on minor qualities nor on minor defects, but 
that the essential qualifications will be taken into account. 
Once the qualities are agreed upon, what is the next step? 
How is the scale made ? A list is drawn up by a brother officer, 
0 about a dozen officers of his own rank, men with whom he 
has served, or with whom he is well acquainted. In the list 
are deluded officers whose qualifications are poor or mediocre 
as well as those who are highly efficient. Then the first trait! 
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physical qualities, is taken, and the names are considered from 

except the way in which the officer impresses his men by ht 
physique, by his bearing, by his neatness, etc. That officer 
selected who surpasses all others in this qualification and hi. 
name is entered on the line marked highest under ’ physical 
qualities. Then the one is selected who most conspicuously 
lacks these qualities and his name is entered on the line marked 
lowest. Then the officer is selected who seems about half-wav 
between the two previously selected, and who represents about 
the general average in physical qualities. Then the officer who 
is half-way between the middle and the highest is selected and 
his name entered on the line marked high.* Finally, the officer 

who ranks half-way between the middle and the lowest is chosen 
and his name entered on the line marked low. 


allotted so many points, thus : 


Each grade is 


Physical qualities, 


99 

99 


99 

99 

99 

99 


Highest 

High 

Middle 

Low 

Lowest 


15 

12 

9 

6 

3 


In the same way scales are made for each of the other four 

sections, Leadership, Personal Qualities, Intelligence, and 
General value to the service. 

The scale is used in this way. The subordinate is rated for 
physical qualities first of all. He is considered as to how he 
impresses his men by his physique, bearing, voice, energy, and 
endurance. He is then compared with each of the five officers 
and ranked with the one he most nearly equals. If he falls 
in quality between two officers in the scale, he is given a number 
of points accordingly. Traits three and five, are evaluated ac¬ 
cording to which officer the subordinate will most equal after 
equivalent experience. The total rating for a subordinate is the 
sum of the ratings given him in the five separate qualities, the 
average being about sixty points. 

This is a typical rating scale, and exhibits the principle on 
which such scales are drawn up when persons are rated according 
to a key. The other method is merely to rate the persons in 
order of merit without reference to a key, such as arranging a 
class of school children for one particular subject or personal 
trait. 
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Ratine scales have multiplied indefinitely and are used 
extensively in the educational and industrial world, more in 
America perhaps, than in this country. It is useful for teac ers 
to draw’up rating scales for their pupils, not merely to assess 
their traits, but in order to diagnose, if possible wherein a defect 
may lie and to suggest lines of improvement. It will be evident 
that a rating scale offers more valuable data than any judgment 
based upon purely undirected lines. The greater the number 
of judges too, who assess the individuals, the better and more 
objective 1 the result. The main disadvantage of rating scales 
is that judges are often biassed by their general attitude towards 
a given individual. Unconsciously their attitude affects their 
rating, and because of one conspicuous defect, a person may be 
ranked low in all the assessments, or because of an outstanding 

social trait or “ halo,” he may be overestimated 

Self rating scales have been suggested in which the individual 
is asked to assess his own character, but the results have not 
been too reliable. In one investigation the individual’s estimate 
of himself was compared with an estimate of him by others. 
It was found that the individual was a very bad judge of himself, 
and the students who carried out the test, HO of them, were 
found to overrate themselves, and underrate their fellows. 
Further, there was a clear tendency to speak well of themselves 
in those virtues considered of greater importance by them, and 
to rate themselves less highly in traits considered less vital. 
This correlation between the relative importance of traits and 
the amount of each trait a subject rates himself as possessing, 
mav well be considered a self-defence mechanism, whereby a 

MM #■ 

person tends to think well of himself in what he judges im¬ 
portant, and evens up by under-rating himself in less significant 
terms. As the investigator expresses it, “ Common sense shows 
that all of us would be readier to admit poor memory, or poor 
nandwriting, than poor judgment, or inferior trustworthiness.” 
From this tendency, Allport suggests establishing a conceit 
index by a qualitative determination of the extent to which 
an individual’s self-rating varies in either direction, from the 
average rating by a number of other judges. 

The fourth line of approach has been the devising of actual 
tests. They are mainly American in origin, and of these we 
shall briefly indicate three. 

The Ethical Discrimination Test , devised by Kohs, attempts 
to measure moral judgment by noting how often the child or 
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adult singles out moral reasons in preference 
more personal nature. It is nor nni;t,1. renCe - to , reasons of a 
but with moral situations substituted JX .i n ^ eIll | en . c e test, 
group investigation. There are six telts iAn to 

tions Test, a Moral Judgment Tort -p . ' a Soc,al Rela¬ 
tion of Moral Terms Test, an Offence Evaluation^Test 

a “ d ° ffe n ce s which have to be evaluated by i a S 

Praise, Nothing ^oH Jail C pris^n Kfm = ° lu ? lns ^. bein 8 headed? 

Test. g ’ ’ J ’ Pr,son - K,U )> and a Mo ral Problems 

Each test is scored on a percentage basis and f™ «, 
average score the moral age can be ascertained 1 th ' 

tffirgsrxs tss ja-s s 

tone associated e^'dhc 1“ Whkh ha / e onpleasanTleehng.’ 
f ss °o late a, etc. The test gives considerable insight into the 

emotional make-up of the individual, and may indicate the 
presence of comnWee ’ y lnaicate ™e 


presence of complexes, 
contlol °alfd disadvantage is that there is no objective 

3-ho'®,', “To bte’e.” "' y “” P, *“ ,y " “»««* 

June-Dowtuy Will-Temperament Test is an investiga- 

s .ch rtlL he V A • make : u P of the individual and tests 

natience'in ^ self-confidence, power of restraint, 

patience in detailed work, and other qualities. 

mnrTf** tCSt> aS a b ase d on handwriting under different 

tw^h!^ nS, n n0rma -’ S 0 . Wj rapid » dis g ui sed, etc. The tests, 
twelve in all, are given in a specific order. Each is rated on a 

C K- rC i, 0 ^ ten * and fina ^ residt drawn in the form of a graph 
which represents the will-profile of the individual. 1 The test is 

a most interesting one, but seems to place too much weight on 
the personality of the examiner 2 


m «c'i-VJ’ T rr7 ^'"iT‘T‘ w * uuawonai selection.—One of the 

. U1 . u e s application of mental testing is the 

vocational. Two problems in this field must be clearly distin- 


Its rZ°i»l MUr aCCOUnt ’ “ e J une ' D °™<=y>s The Will-Temperament and 

8 The phenomenon of perseveration (see p. 233) has recentlv been suit* 
gested as a temperament test. ' F ^ 5 recem v oeen sug 
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euished from the outset to avoid confusion. There is, on the one 
hand the problem of vocational guidance, and on the other, the 
Question of vocational selection. The former is concerned with 
the choice of an occupation for an individual, while the latter is 
concerned with the choice of an individual for an occupation. 

Vocational guidance is the more difficult problem of the two, 
and as already indicated, involves advising the individual as 
to the nature of the vocation for which he is best fitted. Voca¬ 
tional guidance, in time, will gradually absorb vocational selec¬ 
tion for if vocational guidance is effective, only suitable workers 
will apply for vacant posts. This ideal, however, is far distant, 
and consequently, vocational guidance and vocational selection 

will continue for some time yet to exist side by side. 

In assessing vocational requirements, three methods have 


been employed:— . . 

1. The Method of Enquiry is useful, either verbally m the 

course of conversation, or by means of a questionnaire. For 
example, Lipmann has drawn up a questionnaire of eighty-six 
questions regarding various abilities, each question requiring 

the reply “yes” or “ no.” “ Does the position of-require 

the following abilities : (1) perception of inadequately illumin¬ 
ated objects°; (2) perception of slight noises; (3) perception, 
recognition, and discrimination of faint odours, etc.” f Other 
questions refer to other traits. 

A different type of questionnaire has been devised by 
Piorkowski in Berlin. He asks if an ability is (a) essential; 
(ft) merely desirable; ( c) of no importance for the exercise of 

a trade, and so on. 

2. The second, the Method of Observation , is particularly 
useful to supplement any other data. There are certain factors 
which can only be tested in this way, and the suggestion has 
been made that the industrial psychologist be initiated into the 
work in question, and by observation of his own difficulties, 
become more proficient in his analysis. 

3. The third, the Method of Experiment , is the essential and 
most reliable method, and this we shall discuss more fully when 
we consider the more specific problem of vocational selection. 

In addition to the determination of specific vocational 
talents, the examinee’s physical condition, intelligence, tem¬ 
perament, and educational attainments must also be considered, 
for undoubtedly all posts require varying qualifications of each 
of these. It is as unprofitable to place a man of low intelligence 
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on a high grade job as to give a man of high intelligence a ioh 

misfits must be guarded against. A gay, spirited P person is 
individual would find congenial.* ° 

Vocational Selection.— The problem of vocational selection 

has become an urgent one because of the large labour turnover 
so prevalent in many factories. This labour turnover—i e the 
ratio of the number engaged in a year to the number employed 
a . any one time is in certain workshops enormous, and these 
misfits who are the source of the trouble, mean considerable 

Joss to the firm. 


The labour turnover has made employers anxious to adopt 
some method of selecting employees which will give satisfaction 
As a result, vocational selection has sprung up, and at present 
vocational tests are in existence for a number of trades— 

telephone operators, shorthand typists, dressmakers, various 
branches of engineering, and many others. 

Clapar£de divides vocational tests into two kinds:_ 

1. Psychological tests, based on the “ structure and working 

Df the mind. They include intelligence tests, tests of educa¬ 
tional attainments, and tests of temperament. 

2 . Occupational tests, based on the “ structure and working 
of the occupation.” The methods employed in occupational 
tests have evolved gradually into four types. They may be 

described as sample tests, analogous tests, analytic tests, and 
empirical tests. 

(1) Sample Tests .—Standardized samples of the actual work 
may be given to test the examinee, such as is usually done in 
typewriting or in shorthand. The obvious disadvantage of this 
method is that it can only be employed for testing purposes 
after the individual has undergone a certain amount of training. 
In consequence, if the examinee is not proficient, and has no 
aptitude for the vocation, it will involve loss to all concerned. 

(2) Analogous Tests .—The method of drawing up analogous 
tests is somewhat similar to the first method above. But instead 
of investigating the actual operations involved in the work, 
a test is so devised that the examinee has to adjust himself to 
it in the same manner as if it were the work proper, and re¬ 
actions are elicited similar to those required in the right situation. 


* The National Institute of Industrial Psychology has carried out in 
London an extensive investigation into vocational guidance. See Earle, 
Choosing a Career, London, 1932. 
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. aiionf illustration is that of Munsterberg’s test for electric 
An «cellentillustr^i^ ^ q{ Sachs for the same 

^^constructed at the Hamburg Psychological Laboratory 

11 cm broad a length of about 130 cm. being visible which 
travels towards him at a constant rate. Single holes and pairs 
of holes appear in this band at various distances rom 
another the former indicating pedestrians and the latter 
vehicles’. By means of a series of lamps, any single hole or 
oair of holes can be illuminated at different distances from t e 
subiect The danger from a “ vehicle ” is always greater than 
that f-om a “ pedestrian,” and the danger from either is in¬ 
creased in proportion to its nearness to the subject. Accord¬ 
ing to the degree of danger, one of three responses is require . 
the ringing of a bell with the foot, the moving of a lever with 
the left hand, and the “ putting on a brake ” with the right 
hand. The conditions in which these responses are respectively 

required are defined. 

“ On either side of the moving band, and at some distance 
from it, are two boxes, each containing a single hole and a pair 
of holes, either of which can be illuminated independently of 
the other. These, when illuminated, represent sudden emer¬ 
gencies of pedestrians or vehicles from either side of the track, 
and the reactions then required are the same as those required 
for corresponding stimuli on the moving band. Finally, a 
coloured light, situated some distance from the apparatus, is 
switched on and off intermittently, and the subject is required 
to count the number of times this occurs. All stimuli and 
reactions are recorded on an electrically-driven smoked drum.” 1 

A practice series is first tried, of about twelve minutes’ 
duration, after which the subject is given the test proper. The 
score is based upon the number of inaccurate responses, which 
is compared with the norms obtained by previous testing of 
good, poor, and indifferent, drivers. 

(3) Analytic Tests .—Analytic tests are constructed by 
analysing the occupation into its elementary functions and 
giving a series of tests bearing on these factors. For example, 
during the War, candidates for the Royal Air Force were tested by 
means of psychological tests. They were tested for ability to de¬ 
tect and localize sounds, for ability to recover the balance quickly, 

1 Report of the Industrial Fatigue Research Board, No. 12, General 
Senes, No. 4, by B. Muscio. 
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to see stereoscopically, to see in dim illumination and f/% 

sary for success were analysed to begin with T* 

were devised to examine each qualification separated S 

spond to the elementary operations rennii-Jl f U8ed corre ‘ 
Link, in his Employment Psychology gives an exren,.° 

fam.har.zed w lt h the work, an analysis of the entire operS 
caused Link to state that five qualifications were reoufrerf" 
good eyesight keen visual discrimination in order to recoenize 

extract tfe S f n Tn def f ctive - 1 uick reaction necessary to 
extract the faulty shell and toss it into the appropriate box 

accuracy of movement essential for picking the right shell’ 

fooked nCSS attent '° n S ° that fauI ‘y sheI] = would not be over- 


The problem now was to devise tests which would corre¬ 
spond closely with these factors. Link chose eight in all 

1. A simple eyesight test. 

2 . A card-sorting test. The subject was given a pack of 

t ? 6 faCe ° £ each one of which from 7 to 12 letters 
were distributed promiscuously. Twenty of the cards con- 

ained the letter “ O.” The subject was asked to sort these 

TZ 1 Pll 3 th . 0se whicl1 had “ 0 ” o« them, and those 
which had not. The time required was taken and the number 
of errors made recorded. 


3 . A tapping test. The subject had to give as many taps 
as possible in a minute. A Veeder counter was used. 

4- A cancellation test. A large page containing the num¬ 
bers from o to 9 repeated over and over in irregular order was 

handed to the subject, who was asked to cross out as many 
sevens as possible in the allotted time. 

5 . An easy directions test. 

^ nur ober-checking test. This consisted of a series of 
num ers, each containing six digits; the subject was re¬ 
quested to put a mark beside each number containing a I and 

a 7 * 


7* An accuracy-test. A brass plate with circular holes 
forming a series in size, and a metal rod, were the apparatus, 
he task was to insert the metal rod in each of the holes in turn 
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without allowing the t ave^e 

' f r rt Ce i^enteken F The score of each trial was the hole in 

& £ ;tle tperitrr tTd^ : —me, and each 
“TaE a somewhat to 

the'distance betwMn* them'at'one ^nd" being^of a fair width! 
but wnicn g y 5ars never actually met. A metal 

roTwa^to be drawn between those two bars, without coming 
Info contact with either. Contacts again were clec rically 
recorded, and, as in test 7 , the last ten trials out of a total 

fifteen were taken to represent the score. omnnty nf hers 

The tests were then tried out, on 52 girls, among others 

who were engaged on the work of insp ^ U ^ e t ^e banking 
results computed. The next step was to obtain the ranking 

of the girls, as shown by their daily ™^^tt tholfwho 

the tests for it would not necessarily follow that those w 

had done well in the tests were necessarily the best w 0 *ers. 
The average hourly production of each girl for a period of four 
weeks was*taken as standard and this was compared with the 
performance of each girl in each of the tests. This was done to 
obtain the degree of correspondence or the degree of correlation 
The following results were obtained :—• 


Card sorting 
Tapping 



Easy directions • _ • 

Number group checking 
Accuracy . 

Steadiness . 


sfi 

14 

63 

14 

72 

3 8 

•24 


The three tests of card-sorting, cancellation and number 
group checking were the only ones with correlation coefficients 
above "5. These, therefore, were adopted as satisfactory tests, 
and the others were rejected. These three became the voca¬ 
tional tests for that particular job, and will be given to all 
applicants before they are engaged for the work. This pro¬ 
cedure depicts one of the most general methods followed in 

devising vocational tests. 

18 
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( 4 ) Empirical Tests. In this fourth method, a number of 
tests are chosen at random, and those are accepted as good 
tests which yield large correlation coefficients with efficiency 
in the occupation. There is no connection sought for between 
the test and the elementary ability. For example, it was 
found that the completion test showed a very marked correla¬ 
tion (-63) with engineering ability. Claparede was of the 
opinion that it is impossible to place complete reliance on such 
results and that the fact that a given test does correlate highly 

with a given industry is no guarantee of its trustworthiness. 
The result may be purely a chance one. 

The serious criticism which has been levelled against all 
occupational tests is that they assess individuals by tests which 
have been successfully performed by workers experienced in 
the vocation in question. What is necessary to free occupa¬ 
tional tests from this grave criticism is the proof that the 

passing of the test is not favoured by the period spent in ap¬ 
prenticeship and training. ‘ 

To a certain extent, vocational selection is solved by the 
provision of Vestibule Schools which are attached to certain 
factories. The Vestibule School is a preliminary training school 
in which to observe the qualities of the new applicant, and it 
also gives the applicant a certain amount of choice in his future 
work. • The Vestibule School resembles a laboratory in which 
the examinee is observed under controlled conditions and where 

he can be allocated to that task in the factory for which he is 
best suited. 


Note. —Projection Tests and Projective Techniques. 

A great impetus was given to methods of assessing “ personality ” during 
the Second World War. Among the new techniques widely applied was 
the type generally known as “projective.” This is a technique which 
involves the free expression by the individual himself of his own thoughts 
and feelings, while, as it were, “ projecting ” himself into a situation presented 
to him. Binet’s method of studying the thought processes of his two 
daughters (p. 238) is an early illustration of this kind of experiment, the 
“ Masselon Method ” (p. 237) is another, the “ ink-blots ” experiment (p. 237) 
a third. A more elaborate development of the last is the Rorschach test. 
The most interesting, however, and probably the most important of these 
tests, from a practical as well as a psychological point of view, is the 
“ Thematic Apperception Test.” In this a series of untitled pictures are 
presented, one at a time, to the subject, and he is asked to write the story, 
using his own imagination, for which each might serve as an illustration. 

The precise assessment of the results of these tests is still in the experi¬ 
mental stage. The principle on which it is based is the discovery of 
“ pointers ” for personality phenomena and characteristics. On the validity 
and reliability of such “ pointers ” the whole assessment must necessarily 
depend. 


APPENDIX A 


THE PSYCHO-ORGANIC SYSTEM 

T ,HE animal body is built up of living cells of varying form 

and function. All living cells present certain common 
characteristics. In general, the main portion of the cell 
consists of a gelatinous substance—protoplasm—enclosed in a 
fine membrane. A portion of the protoplasm within the cell is 
specially modified and enclosed in another delicate membrane, 
to form what is called the nucleus, which is, as it were, the centre 
of the cell’s life. Within the nucleus one or more particles may 
be seen under the microscope as highly refracting bodies. These 
are nucleoli. Living cells reproduce themselves by subdivision, 
the process starting in the nucleus. 

The living organism, so long as it is living, is continuously 
active. Its activities comprise the various functions performed 
by the living cells of which it is built, and these functions fall 
into two groups :— 

i. Vital Functions—the functions involved in nutrition, 
growth, reproduction ; and 2. Adaptive Functions—the func¬ 
tions involved in the response of the organism to stimulation 
from without. In the complex organisms at the top of the 
animal scale, including the human being, the cells subserving 
each function usually form great organs or organized systems. 
Though vital and adaptive functions are not really separable 
in the concrete, yet in a discussion of psychology we are con¬ 
cerned in the main with adaptive functions, and may, therefore, 
confine our attention to these. 

The organized system of cells by means of which the adaptive 
functions of an organism are carried out may be designated the 
psycho-organic system . Since adaptation consists in response to 
factors in the environment, the function performed by the psycho- 
organic system as a whole has necessarily two aspects, which 
might be described briefly by the abstract terms sensibility and 
niotility. In a primitive organism both aspects may appear in 

° f one , of celi - In the highly organized animals, 
however, the psycho-organic system consists of three groups of 
cells, one group specialized for the reception of stimuli—sensi¬ 
bility a second group specialized for the making of the necessary 
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x t £ ird Sroup specialized for the associa 
ung and co-ordinating of the functioning of these twn a 

We speak, therefore, of the psycho-organic system nf thL ? 0ps ' 
being as comprising a group of receptor cell/ (the sense organs? 

connecting cells (the nervous system). 8 ' a ^ P of 


The Receptors 

of sHm/li Cei Rt?i! S arC CCllS s Pf cialized to receive various kinds 
of stimuli. By their receiving stimuli we mean that the stimuli 

produce definite changes in the cells. The nature of the changes 
produced is not always clear, but it is such as to produce in turn 
a nervous excitation in the neurones of the connecting 'group of 
cells. These receptor cells constitute the essential parts of what 
we call the sense organs, the other parts of the sense organs— 
where other parts exist—being accessory, and having the function 
of making the reception of the stimulus more efficient, and the 
response of the organism in consequence more effective. The 
receptors are called exteroceptors, interoceptors, or proprio¬ 
ceptors, according as they are situated on the external surface 
of the body, the internal surface—that is, the surface of the 
alimentary canal, etc.—or within the tissues of the body. 

Since the receptor cell has to transform a physical stimulus 
into a nervous impulse (by way, probably, of a chemical process 
^ ^^ost cases), the structure of the receptor cells varies with the 
kind of physical stimulus to which they are adapted to respond 
what is known as the adequate stimulus. The accessory parts 
of the sense organs similarly vary with the kind of stimulus which 

the essential parts are adapted to receive. We may now consider 
the sense organs in turn. 

1 . The Eye.—The eye consists of an essential part—the 
sensitive surface or retina —and two accessory parts—the dioptric 
system and the muscular system. The real meaning of the dioptric 
and muscular systems is best understood when we regard the 
organ of vision from the point of view of its development. All 
the senses may be looked upon as developments of a primitive 
sense of touch. The sensitive surface of the eye is sensitive to 
the touch of the ethereal vibrations we call rays of light. The 
first stage in the evolution of vision is represented by pigmented 
spots on the external surface of the organism, specially sensitive 
to light. Possessed of such primitive eyes, the organism could 
distinguish between light and darkness. Resting, say, on the 
bottom of the sea, it could react to the shadow of an approaching 
enemy. Such an eye, however, could not distinguish the form 
of an approaching object. In order that form may be distin¬ 
guished, some arrangement is necessary to cast an image of an 
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object on the sensitive surface. This is the function performed 
by t he dioptric system. With a fixed dioptric system a clear 
image will only be thrown on the sensitive cells when the objec 
is at a certain distan ce and in a certain direction. The function 
of t he accessory muscular system is, on the one hand, to make the 



xy. The op Lie axk 

Fio. 17.—Diagram of right eye. 


dioptric system effective for objects in different directions, and, 

on the other hand, to make it effective for objects at different 

distances. In the evolution of the eye we have first the sensitive 

pigmented spot, then the fixed dioptric system, and lastly the 
movable dioptric system. 
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Essentially, the eye is a camera. The retina represent.: 

sensitive plate behind. But, whereas in a camera SL^ 

earned out by altenng the distance between A1L - 1 - * • - - ^ s 

system 


and the plate, in the eye this 'alteration" is 
and focussing is earned out by altering the curvature oHhe lens 
by means of the suspensory ligament and ciliary muscles The 
general structure of the eye is shown in Fig. 17. The eveball 

" S ° f of t ? vo s Pheres joined together, one in front of 

ttie other. The one m front is the smaller, and makes up about 

it ° f the e ? ebaU ‘ U 13 fiUed with a watery substance 

th e eyeball is filled with a transparent jelly caSX? 

humour. The aqueous humour is separated from the vitreous 
hy rhe bi-convex lens of the eye—the crystalling lens 

The eyeball is enclosed in three coats. The outer covering— 
the sclerotic- is tough and firm and preserves the form of the 
eyeball. It is white in colour, and forms the " white of the eye ” 
when the eye is open. It is opaque, but at the front the opaque 
coat becomes transparent in what is known as the cornea. The 
second coat—the choroid—consists very largely of tiny blood¬ 
vessels and cells containing a brownish-black pigment. This 
colouring matter absorbs the rays of light passing into the eye, 
preventing reflection. within the eye and the consequent con¬ 
fusion. The choroid is firmly united to the sclerotic. Where the 
sclerotic merges into the cornea the choroid becomes detached 
from the sclerotic, and hangs free, forming a kind of curtain—the 
in which there is the aperture known as the pupil through 
which light enters.. The colour of the iris is due to the pigmented 
cells, and the distribution of this pigment gives the eye its char¬ 
acteristic colour. In albinos the pigment is lacking. 

The amount of light entering the eye varies with the size of 
the pupil. This is controlled by muscles in the iris. There are 
muscles which radiate like the spokes of a wheel, and when these 
contract the pupil is enlarged. There are also circular muscles, 
the contraction of which produces the contrary effect. 

The third, or inner, coat is the retina. This possesses a very 
complex structure, consisting of ten distinct layers. The ninth 
layer consists of cells sensitive to light. From their shape they 
are known as rods and cones . Other layers consist of neurones, 
representing what is really a detached portion of the central 
nervous system, of which we shall learn more presently. 

In the centre of the retina is the area known as the macula 
lutea or yellow spot. In the centre of this is a depression known 
as the fovea centralis, which is the point of clearest vision. The 
coloration which tinges the yellow spot is strongest at its periphery, 
weakens towards the centre, and probably disappears entirely in 
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the fovea itself. The existence of the yellow spot can be-demon¬ 
strated by looking through a solution of chrome alum at a brightly 
lighted surface. In the blue-green solution a rose-coloured 
spot will be seen, which corresponds to the yellow spot. It can 
also be very beautifully demonstrated with violet or purple 
gelatine sheets (see Sanford, Experimental Psychology , p. 105). 
In the fovea, cones alone are found. The total number of cones 
in the eye has been estimated at three millions, and of these no 
less than seven thousand are in the fovea. The blind spot , where 
the optic nerve enters the eye, is situated towards the inner or 

nasal side of the fovea. . . , , .. 

At the junction of the choroid and the ins are found the 
ciliary muscles, which are attached to the suspensory ligament of 
the lens, and, as we have seen, serve to modify its curvature. 
When the cilia ry muscles contract, the biconvex lens, as it were, 
bulges out, and the focal length is diminished. Conversely, when 
the muscles relax, it is flattened. Hence the muscles are some¬ 
times known as the '* accommodation muscles. The ci y st allin e 
lens is kept in place by the membrane known as the suspensory 
ligament. In the ordinary resting condition of the eye this liga¬ 
ment is tense. . _ , 

The rays of light which strike the eye are partly cut oft by 

the iris and by the sclerotic. Only those rays which strike the 
pupil are allowed to enter. These rays pass, in turn, through the 
cornea, the aqueous humour, the lens, the vitreous humour, and 
reach the retina. There they pass through the several layers 
until they strike the rods and cones, where, apparently, a chemical 
change is produced, giving rise to a nervous impulse. This is 
transmitted through the several layers till it reaches the optic 
nerve. 

The extrinsic muscles of the eye, that is, those attached out¬ 
side the eyeball to the sclerotic, are in pairs, and have as their 
function the movement of the eyeball in the socket. There are 
six such muscles—three pairs. The superior rectus moves the 
eyeball upwards, the inferior rectus downwards. The external 
rectus turns it outwards, the internal rectus inwards. Movement 
in intermediate directions is secured by the inferior and superior 
oblique muscles. 

2 . The Ear.—The receptors for sound stimuli are hair cells 
in the inner ear. Each cell ends in a brush of hairs projecting 
into the fluid which fills the inner ear. These hair cells constitute 
the essential part of the organ of hearing; all the rest we may 
regard as accessory. As in the case of vision we may look on 
hearing as developed out of a primitive sense of touch, the receptors 
being specialized so as to respond to the touch of air vibrations 
The response becomes more delicate and discriminating by the 
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immersion of the hair processes attached to the sensitive ~*n a • 
a fluid to which the air vibrations are in the first fn^f 3 m 

communicated. nrst instance, 

nf tlrl° rga ? of ^ eari ng, as it exists in the human being consist 
outer ear begins with the auricle or visible ear A tub’e-Ih* 

external meatus—runs from the outside air inwards. At it* 

inner end is the ear-drum or tympanum. On the other side of 
this membrane lies the middle ear, bounded by the tympanum on 

membrane* n n a .? ony containing two apertures fitted with 

fenestra rotunda or round window. A narrow tube—the Eus¬ 
tachian tube—also leads from the middle ear to the throat at the 

r Across the midd[e from the tympanum 

Safes, o^sthrup. n/fe “ S ’ ° r hammer: the incus - 01 anvil; and the 

The hammer is attached at its handle end to the centre of the 
tympanic membrane. At the middle it is held by a tendon 
The head articulates with the anvil. The anvil articulates in the 

t f tirru P‘ T° the latter a small muscle, the 
stapedius, is attached, and the base of the stirrup fits into the 

fenestra ovalis. When air waves pass through the external 

eatus and throw into vibration the tympanum, the vibrations 

are transmitted by means of the three bones to the membrane of 

the ^t neStra ovalls » which, in turn, is made to vibrate. 

Ihe internal ear lies securely imbedded in the bone of the 
skull and has a somewhat complicated structure. It consists 
essentially of a sac containing fluid—the endolymph —which rests 
111 a second fluid the perilymph. The complete structure is 
pa. e e membranous labjrrinth, and the bony cavity in which 
it is found the bony labyrinth. The labyrinth consists of two 
H^ain parts- the semi-circular canals, constituting the end-organs 
of the static sense, and the cochlea, the end-organ of hearing. 

■Phe cochlea somewhat resembles the shell of a snail with two- 
and 7 a-half whorls. It is divided lengthwise by partitions into 
three tubes. . One of these—the scala vesiibuli —starts from the 
fenestra ovalis. Through it vibrations are carried from the base 
to the apex of the cochlea. At the apex they pass into the 
second tube—the scala tympani —in which they are carried down 
from the apex to the baseband which terminates 
rotunda. Both tubes are filled with perilymph. A third tube, 
hlied with endolymph, lies between them to the outside. It is 
separated from the scala tympani by the basilar membrane, and is 
itself known as the scala media. On the basilar membrane rests a 
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series of rods, with hair cells, known as the organ of Corti. These 
cells are, as we have seen, the receptors for sound stimuli. ey 
are so arranged as to be set in vibration by the vibration of the 
surrounding fluid, the result being the starting of a nervous 
impulse in the auditory nerve. Above the organ of Corti lies the 
tectorial membrane. The basilar membrane varies in breadth as 
it passes from base to apex of the cochlea. If we compare its 
fibres to the strings of a musical instrument like the harp, the 
short fibres at the base correspond to the short strings of the 
harp, and the long fibres at the apex to the long strings of that 
instrument. (See Fig. 18 and Chapter II.) 

outer hair cell* 



Fio. 18. —Section through the organ of Corti. (Lickley after Retzius.) 

In hearing sounds then, the air waves are collected by the 
outer ear and transmitted by the external meatus to the tym¬ 
panum, which is set in vibration. The vibration is communi¬ 
cated to the chain of bones, and thence to the fenestra ovalis, 
and the perilymph within the inner ear. In the perilymph the 
waves pass up the scala vestibuli and down the scala tympani to 
the fenestra rotunda, whence they pass out. The waves in the 
perilymph cause a vibration of the membranous walls of the 
scala media, which is communicated to the endolymph within. 
These vibrations in the endolymph stimulate the hair cells of the 
organ of Corti, producing a nervous impulse, which passes by 
means of the auditory nerve to the nervous centres. 

3 . The Organ of Taste.—The tongue is the chief organ of 
taste, but sensations of taste may also be experienced in the soft 
palate and neighbourhood. The tongue is covered with a mucous 
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wH ¥* t m , 1 which f 3X6 to be seen small prominences, or papilla 

which take three forms. The filiform papilke are TT l 
bvTh 1 ^? 13 ^ * 1 +* f™ ngi f orm P a P illae » which are easily discriminated 

ormer Thurdiy, the circumvallate papillae are found neaf the 
oot of the tongue, about twelve in number, arranged in the form 

f *„ V> , wl t h tbe . a P ex pointing backwards. The circumvallate 
papillae derive their name from the fact that each is surrounded 

Papillae, 



Taste- 

buds. 


Fig. ig.— Taste papillae. 

by a deep trench and wall. The two latter varieties of papillae give 
us our sensations of taste. In them we find the receptive organs 
or taste arranged in the form of taste buds. The taste buds are 
oval in appearance, and are composed of three layers of cells. 
The outer cells are mainly protecting cells, and are arranged 
round the inner cells like the staves of a barrel. The second layer 
of cells seems just to support the inner cells, which are the true 
taste cells. These are hair cells, and form a group in the centre 
of each taste bud having a part projecting through the free 
surface of the taste bud known as the gustatory, or taste pore—^ 
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in the form of a tuft of fine threads, or hairlets, which receive the 
stimulus. The stimuli must always be in the form of a solution, 
and to secure this we find near the taste organs innumerable 
small glands whose secretions assist the process. Insoluble sub¬ 
stances have no taste but may give an experience of cold, or 
pressure, or some other sensation on the tongue. The nerve 
fibres are very complicated, and seem to connect up with the 
different taste buds from three different sources. These are 



Fio. 20.—Olfactory cells. 

o. Hair cell with d projecting hairs. 

b. Supporting cells. 

c. Filament of Olfactory nerve. 

conveyed as nervous impulses to the taste region in the cerebral 
cortex. The tongue is also a muscular body and assists the act 
of tasting by causing movement of the fluid. 

4 . The Organ of Smell.—The organ of smell is the delicate 
mucous membrane which lines the two nasal cavities. There 
are two kinds of cells, olfactory cells, and supporting cells. The 
supporting cells are columnar in shape; the olfactory cells are 
bipolar, one end extending upwards in the form of a delicate 
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filament ending in a small knob from which five tn oivht * u . 
project upwards. The other end * gh } fine hairs 

connected with a fibre of the olfactory nerve " 5 ’ and “ 

which e m S ay m travel hl f C rom C a great^Uton^a Partides 

into the nasal cavity S thf ^roc^reW^tto? C \r^° U « ht 

through, some of these particles stimulate the olfactorv^rrff 8 
causing chemical changes which initiate 

m the brain. Kant has defined smeH as talte at a Tistan^ 
because it gives us mformation of the quality of food and dS 

placed^at the entmnreT th fh Hei ^ ce< because of its function, it is 
p acea at tne entrance to the respiratory system. 

5 . Cutaneous Sensations.—From the skin four different sensa¬ 
tions are obtained : cold, heat, pain, and pressure. 

(a) Cold and Heat .—Cold and heat are included under the 
™ r a^ re heat nS r e a S dia7 he ade ^ ate /timuli for the temperature 

W? k i?' a ? d whlch stimulate it because they are lower or 
adioted a Th* e Jt r m P eratur f to which the particular locahty is 

or^Sr a ^ Ure SenSeS ar ® ° ften stimulated from internal sources 

“il ed ^xr mech . anica ] stimuli such as an electric 7 current. 
The bulb of Krause is said to be the receptor for cold * whereas 

the end organ of Ruffini is said to be the receptor for heat. This 
les more eeply embedded, so that the response for warmth re¬ 
quires a longer time than that for cold. The cold spots are more 
numerous than the heat spots. 

(b) Pain .—Pain spots are the most numerous of all cutaneous 

spots. Pam is aroused in a number of ways. It may be caused 

by the pricking or cutting of the tissues of the skin. It can also 

be aroused by intense heat or cold, or pressure; or pain spots 

can be stimulated electrically. The nerve fibre loses its sheath 

a ter passing into the outer covering or the epidermis of the 

s in, and splits up into numerous branches. These branches 

terminate between the cells of the epidermis, and in some cases 

penetrate into them. They are very numerous in the cornea of 

the eye, which is strongly, susceptible to pain, and are entirely 

absent in an area on the inside of the cheek, which is immune 
from pain. 

(c) Pressure. The corpuscles of Meissner and Pacini, and the 
nerve endings at the roots of the hairs are or contain receptor 
cells for pressure or touch. Any object which touches the skin, 
aJl mechanical stimulation of the skin, or the touch of a hair 
serves as a stimulus for pressure* Distinction must be drawn 
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between hairy and non-hairy regions. The hair itself serves as a 
pressure stimulation, but if it be shaved off, a pressure spot will 
be found to the “ windward " of each hair. The finger tips, 
which are particularly sensitive to touch, contain a great number 
of Meissner's corpuscles. J. B. Watson states that the average 
number of spots per square cm. is about 25, but they may drop 

as low as 7 or go as high as 300. 

6. The Kinaesthetic Sense.—Kinaesthetic sensations are lo¬ 
cated in muscle, tendon, and joint. The sense organs concerned 
are somewhat difficult to investigate, partly because they are so 
deeply embedded in the tissues, and partly because the sensations 
themselves are so closely bound up with cutaneous and other 
sensations that it is difficult to distinguish them with any clear¬ 
ness. The so-called muscle spindles are, apparently, receptors in 
the muscles and tendons. In the joints receptors of the same 
type as those found in the cutaneous surface have been identified. 

7. The Static Sense.—In integrated behaviour kinaesthetic 
sensations are closely associated with the sensations derived from 
the semi-circular canals. Two of these canals lie in vertical 
planes at right angles to one another ; the third lies in the hori¬ 
zontal plane at right angles to the other two. They are filled 
with endolymph. The hairs of hair cells project into this. Move¬ 
ments of the head cause movements of the endolymph to stimu¬ 
late the h ?ir cells. The utricle and saccule, with which the semi¬ 
circular canals are connected are supposed to supplement the 
functions of the canals in maintaining the equilibrium. 

8 . Visceral Sensations.—Sensations are also obtained from 
the organs of respiration, from the heart, from the organs 
concerned in digestion, etc. Receptor cells are, therefore, situated 
in the various internal organs. 

* 

The Nervous System 

The nervous system constitutes a great connecting system of 
cells, by means of which the cells that make the response of the 
organism are associated and co-ordinated with those that receive 
the stimulus, and the cells of each group with one another. The 
cells of the nervous system are called neurones. The neurone 
may, therefore, be described as the structural unit of the nervous 
system. It consists of a cell body (the nerve cell) and one or more 
processes. Two types of process must be distinguished. One 
type receives the nervous impulse and transmits it to the ceil. 
These are the dendrites. As a rule they leave the cell body as 
thick stems, which soon break up into a number of fine filaments. 
The other type is represented for the most part by a long process, 
which may give off branches at intervals (collaterals), but which 
remains practically unchanged in diameter until it terminates in 
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by connective tissue constitutes a nerve. In the human being 
there are two lHnHg of nerve fibre—the medullated and the non- 
medullated. Medullated nerve fibres are characteristic of the 
cerebro-spinal system. They consist of an axis cylinder, which is 
usually the axon of a neurone, but in the case of the peripheral 
sensory nerves is a dendrite, and a sheath surrounding it, called 
the medullary sheath, composed of a white fatty substance. The 
medullary sheath is interrupted at intervals, these interruptions 
being designated the nodes of Ranvier. Outside the medullary 
sheath is a thin membrane called the neurilemma , which covers 
the fibre continuously outside the cerebro-spinal axis, with the ex¬ 
ception that the terminations of all nerve fibres are without any 
sheath or membrane. This passes into the covering membrane 
of the central masses when the fibre enters the cerebro-spinal 
axis, and is not found within. The medullary sheath is absent 
in nerve fibres of the autonomic system, which are covered 
directly by the neurilemma. Because of this sheath the appear¬ 
ance of the two sets of nerve fibres is different, and they are in 
consequence sometimes spoken of as white and grey fibres respec- 
tively. 

When a nerve fibre is cut off from the cell body to which it 
belongs, it undergoes degeneration. In this process the medul¬ 
lary sheath breaks up into globules or granules of fatty substance, 
and the structure of the axis cylinder is also broken down, so 
that ultimately tire neurilemma appears to be filled simply with 
a relatively structureless mass of nucleated protoplasm. Such 
a degenerated nerve fibre stains intensely with osmic acid, and 
this fact has been taken advantage of in tracing connections in 
the central masses of the cerebro-spinal system. The part of the 
fibre still connected with the cell body does not undergo degenera¬ 
tion, at least as a direct result of the section. If regeneration 
takes place, it takes the form of growth from the central stump 
of the cut nerve. Within the cerebro-spinal axis regeneration 
does not take place, or takes place in a very incomplete way. 

The Cerebro-spinal Axis.—The main masses of nervous matter 
belonging to the cerebro-spinal system are situated within the 
skull and the spinal canal. These masses are composed of so- 
called white matter and grey matter, the latter owing its appear¬ 
ance and designation to the presence of large numbers of cell 
bodies. The cell bodies of all the sensory neurones are, indeed, 
situated outside the cerebro-spinal axis, but otherwise all the 
cell bodies of the neurones belonging to the cerebro-spinal system 
are in the masses occupying the skull and the spinal canal. The 
chief structures of the cerebro-spinal axis—naming them from 
below upwards, and from behind forwards—are the following : 
the spinal cord, the medulla oblongata, the pons Varolti, the 
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an arborization of fine filaments Dni„ ™ 

each cell bodv It i<? miia/i y one such process leaves 

the nervous impulse awav from the reii wr 1 ? to co °duct 

two processes leave the cell body together P ^ but tbe 

Nerve cells consist of protorilasm vfith ^ , d g ? later ' 

?k n , n ! ng throu 8 h the protoplasm are n™m erous Tn/rfh .? u ? eoIus - 

cell there me also Zanullr ^lt are oonducted. Within the 
aniline dyes. These me called */?<,/ ’ wh / ch stain readi >y with 
constitute the food material fof the^ceU they a PP arentl y 

neuron^^itsfonction^unit^s’th^ the “ ervous system is the 
sists of two or«rlA !a "'* to an - This con - 

afferent—conducts the impulse from 6 the Ur ° ne "7 tbe Sensory or 

towards the centre a ser.nnd _ +h m rece P tor » or inwards 

the impulse towards tbe muscle s Sand or e ® eren ‘— conducts 

are not structurahv t°JrlS,'f Xn CCeptCd theor y- the neurones 

ship is contiguTy^n^rconruity th Se 6 arborization^of 1 ^ 31 * 011 " 

lacS^X 6 br^chln r rof 

one anoflS fc^e^a andXtmsL“ Si Witb 

of P he electric y St P r P conceived on the analogy of the passage 

fiMsTasf fmmonl ^ tlT’tSeZZS 

synapse. 6 neurone to another across the gap at the 

aonlcaUed 1 ^^/,? of n eur ones me generally found in aggrega- 

spinal axis formed by the brain and spinal chord There are 

the STboIS 8 'fon Part fr ° m this ‘ Suc, r ganglia me form'd by 
oraa® neurones connected with the receptor 

the great cerebrlspVZ SyS/^Tn ‘addiut, Ther? me grngha 0 

and thcTriandf^f^th in , aasoclatlon with the chief internal organs 

What “ kn0 ™ 38 the 

The fibre consfsf ^nf „^ rmed by the processes of the neurones. 

fibrils of the rell hnri en f S ^kri-s continuous with the neuro- 

rils of the cell body. A bundle of nerve fibres held together 
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The central nervous system showing connexions with 

sympathetic. 
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cerebellum, the corpora quadrigemina, the optic thalami, the 
corpora striata, and the cerebrum (see Fig. 21). All these except 
the spinal cord are situated within the skull, and therefore form 
part of what is popularly known as the brain. The medulla, the 
pons, and the cerebellum form what is called the " hind brain," 
the corpora quadrigemina, with other neighbouring structures, 
form the " mid brain," and the others the " fore brain." These 
together occupy the cavity of the skull, constituting what is 
popularly designated the " brain." The spinal canal is occupied 
by the spinal cord. All the structures consist of nerve cells, 
nerve fibres, and what is generally described as a supporting or 
connecting substance termed neuroglia, the precise function of 
which is not definitely known. 

The spinal cord is an elongated, roughly cylindrical mass of 
nervous matter, extending about two-thirds of the length of the 
spinal canal from the junction of the spinal column with the skull 
downwards. A well-marked groove extends down the front of 
the cord—the anterior median fissure —and a much narrower and 
shallower grove down the back—the posterior median fissure. 
The substance of the cord is enveloped in three membranous 
sheaths, the innermost—the pia mater —enclosing the cord closely, 
and being separated from the middle envelope—the arachnoia 
membrane—by a space containing cerebro-spinal fluid, and this 
membrane, in turn, being separated from the outermost mem¬ 
brane—the dura mater —by a very narrow space kept moist by 
lymph. These membranes are continued over the masses 01 
nervous matter in the skull. The spinal cord is also traversed 
from end to end by a narrow central canal containing cerebro¬ 
spinal fluid. This and the sub-arachnoid space pass at the top 
into the so-called ventricles in the brain, which are similarly 
filled with cerebro-spinal fluid. 

At regular intervals the spinal nerves pass out from both 
sides of the spinal cord. Each nerve has two roots, an anterior 
and a posterior. The posterior root is a sensory root, and has 
on it a ganglion where the cell bodies of its neurones are gathered 
together ; the anterior root is motor. Each spinal nerve, there¬ 
fore, is composed of both sensory and motor nerve fibres. A 
transverse section of the cord shows the grey matter arranged 
in a form roughly resembling the letter H in the centre, and the 
white matter surrounding it (Fig. 22)* This white matter con¬ 
sists of descending and ascending nerve fibres, some of these 
being the collaterals of the axons of sensory neurones, others 
the axons of motor neurones. The two sides of the spinal cord 
are connected together by the transverse bar of the H. The 
limb on either side is regarded as being formed by two portions, 
spoken of as the anterior and posterior horns. The grey matter 
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Fid* 22.—Schematic view of spinal cord* 
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q£ fh p anterior horn contains* for the most part, the cell bodies 
of motor neurones, and is the point of origin of the anterior 
motor roots of the spinal nerves. On the other hand, the cell 


bodies 


atter of the posterior horn are largely those 
of connecting’ neurones. These neurones have usually short 
axons, and these arborize round the cell bodies of motor neurones 
in the anterior horn, either of the same or the opposite side. 

The " hind brain ” is composed, as we have seen, of the 
medulla oblongata, the pons Varolii, and the cerebellum, the 
medulla and the pons below, the cerebellum above, with the 
cavity of the fourth ventricle between. The medulla is continuous 
with the spinal cord. The regular arrangement of the grey nmtter 
in the centre and the white matter external to it, characteristic 


of the spinal cord, begins to be broken up in the medulla. This 
is due mainly to the fact that great bundles—or " tracts "—of 
fibres, both sensory and motor, begin to cross over from one side 
of the spinal cord to the other at this level. This is known as 
the " decussation of the pyramids." It leads in the pons to a 
somewhat irregular distribution of white matter and grey matter, 
and in the cerebellum, as well as higher up in the cerebrum, the 
grey matter has largely passed to the external surface, with the 
white matter internal. The cerebellum lies in the back and 
below in the skull cavity. It is connected by crura or peduncles 
to the medulla, the pons, and the “ mid brain." Internally, the 
nervous matter presents a foliated appearance owing to the fact 
that the surface is incised by transverse fissures, while the grey 
matter is arranged on the surface, with the central portion con¬ 
sisting largely of white matter. The whole cerebellum is also 
divided into three lobes. The cerebellar grey matter contains 
cell bodies of a characteristic form, designated Purkinje’s cells. 
These are large, flask-shaped, multipolar cells, with a great 
number of highly branched dendrites, and a long axon passing 
into the central white matter. 

The " mid brain " is little more than a stem connecting the 
" fore brain " and the " hind brain." Its upper part consists of 
the four corpora quadrigemina, the rest being the crura cerebri 
or peduncles of the brain proper. The internal structure shows 
important masses of grey matter irregularly distributed, and 
white matter continuing the " tracts " of the medulla and pons. 

The " fore brain " is, in the human being, by far the largest 
and most important part of the cerebro-spinal system. Its main 
structures are the optic thalami, the corpora striata, and the 
cerebrum. The great development of the cerebrum in the adult 
human being has caused it to fold over the other structures, so 
that the relations of the various parts are not easily seen in any 
diagram. The accompanying figure (Fig. 23), however, of the 
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brain ” of a human embryo of three months makes these rei a 
ms clear. cia " 

The cerebrum is a double organ consisting of two hemispheres, 
nght and a left, separated from one another by a deep fissum 



Corpus striatum 


Chi asm a 


Pituitary body 


Fio. 23.—Brain of human embryo of three months (after Lick ley). 


the great longitudinal fissure. There is complete separation in 
front and behind, but in the middle the two hemispheres are 
connected together by a large and thick hand of transverse fibres 
—the corpus callosum. The surface of each hemisphere exhibits 
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a series of folds or convolutions, separated by fissures varying 
in length and depth. While the general pattern of the convolu¬ 
tions remains the same, the detailed pattern differs m different 
individuals. The folding of the surface or cortex has the effect 
of greatly increasing the superficial area, without corresponding y 
increasing the bulk of the cerebrum. The convolutions and 
fissurS have no functional significance, but are made use of in 

the descriptive account of the cerebral cortex. 

For descriptive purposes the cortex is divided into lobes. 
The inter-lobar fissures are the fissure of Sylvius, the fissure of 
Rolando or central fissure, the parieto-occipital fissure, and the 


Extl. 

par. 

occip. 

fissure 



Fig. 24. Convolutions on external surface of cerebral hemisphere (after Lickley). 

fissure of Reil. The fissure of Sylvius is a deep fissure on the 
outer surface, and also partly the under surface, of each hemis¬ 
phere. It begins abcut a third of its length from the front of the 
emisphere, and runs almost horizontally backwards for about 

3 J he fissure of Rolando ' central fissure begins 

slightly behind the middle of the upper margin, and runs down¬ 
wards and forwards almost to the Sylvian fissure The naH^fo 
occipital fissure lies mostly on the Medial surface, but a maU 
portion shows itself a l ao on the external surface. It lies back- 

m a nre S T ? e , fi \ sure ot Roland ° about three-fifths of ttedS- 

Reil is a ckcuiar fif m ti0 a hemis P h ere. The fissure of 

Ken is a circular fissure round the insular lobe or island of Reil. 
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This lobe is not visible on the external surface of the hemi«nh AM 
Tw ma J bC SCe 5 * b -^ dra l wing a P art the sides of the SylvkSlLure 

These fissures divide the hemisphere into five lobes, the fronS 
m front of the fissure of Rolando, the parietal between the figure 

? h ^ R ° land ,° the p^rieto-occipital fissure, the occipital behind 
the paneto-occipital fissure, the temporal below the Sylvian 
fissure, and the insular, or island of Red, as already described 
As we have already seen, the internal structure of the cerebrum 

matter t “f external Surface ' the S 

matter in the centre. In the cortex five layers can be distin¬ 
guished These are : a superficial layer of fibres, a layer of large 
pyramidal cells, a layer of small granular cells, an inner layer of 
fibres and a layer of polymorphic cells. The white matter 
consists of nerve fibres—medullated—belonging to three groups 
or systems. These are: (i) projection fibres, connecting the 

cerebral cortex with the spinal cord, and with the other struc¬ 
tures m the skull cavity ; (2) commissural fibres, passing from one 
emisphere to the other as in the corpus callosum ■ and (3) associa¬ 
tion fibres, linking up different parts of the same hemisphere 
The basal ganglia, that is, the two optic thalami and the two 
corpora striata, represent the other main structures of the " fore 
brain. The thalami at their posterior ends overhang the 
superior corpora quadrigemina. This end has three well-marked 
projections, the external and internal geniculate bodies, and the 
pulvinar. The thalami are joined to one another by a band of 
grey matter. Four important groups of fibres emerge from each 
thalamus, the first passing to the frontal lobe, the second to the 
occipital lobe, a third to the insular and temporal lobes, and a 
fourth to the parietal lobe. Each of the corpora striata co ns ists 
of two parts joined to one another only at their anterior ends, 
one external to the other. The inner is in close contact with the 
anterior end of the thalamus. It is usually designated the 
caudate nucleus. The outer is embedded in the white matter of 
the hemisphere, and from its shape in cross-section is called the 
lenticular nucleus. The connections of the corpora striata are 

chiefly with the thalami, relatively few fibres passing to the 
cerebral cortex. 

The Functions of Different Parts of of the Cerebro-spinal Axis.— 

The nervous system has often been compared to a telephone 
system with private exchanges, district exchanges, and trunk lines. 

It provides for simple direct connections between receptor and 
a PP ro P r i a te effector, as well as for the co-ordination in all degrees 
of complexity of both receptors and effectors. The precise con¬ 
nections provided for at any particular point in any of the struc¬ 
tures constituting the cerebro-spinal axis have presented a problem 
to the physiologist since the time when the different functions 




appendix a 


295 


of the posterior and anterior roots of the spinal nerves were 
determine! independently-by Bell and by^Majendie_^ d ^>atient 

i w to solve the problem. It has been claimed that 

the ohrenoloeists, and notably Gall, contributed very materially 

to our toowleage o ^ GaU eyery credit a great 

^atoimsT we must stiU come to the conclusion that his local jf^ 
tfonXbrain functions was haphazard in the extreme, and founded 

0,1 The m^thSrofhivestrgation which have led to our Present 
knowledge of the functions of different parte of fhe cerebro- 

incbniing 1 embryological ; (2) clinical and pathological; (3) physio- 
logical and histological. By correcting the pmenoe^and devetop- 
mpnt of narticular functions vnth the development, either racially 
or individually, of different parts of the nervous system some 
localization though usually not m great detail, is possible. 
Again by correlating abnormal behaviour or functioning wit 
paThoiogical conditions in definite localities in the nervous 

Lastly by physiological methods of three kinds, more detailed 
knowledge has been accumulating in recent years In the first 
place the results of electrical stimulation of different parts, mainly 
in the cerebral cortex, have been carefully observed. In the second 
place parts of the centres have been destroyed or extirpated, ana 
the results on an animal’s behaviour recorded. In the third 
place, taking advantage of the phenomena of nerve degenera ion 
which have already been described, physiologists have traced the 
course of the fibres affected by the destruction of definite groups 

° f C The spinal cord is the centre for simple reflex actions and 
relatively simple co-ordinations. It is also a conducting path 
to the higher centres. The axons of the sensory nerves, when 
they enter the cord, send branches downwards, and collaterals 
from these branches arborize round cells in the posterior horn at 
different levels, the axons of which, in turn, arborize round motor 
cells. An intermediate neurone is thus interposed in the sensori¬ 
motor arc. A few of the sensory collaterals pass directly to the 
cells of motor neurones, and in some cases more than one inter¬ 
mediate neurone may be interposed between sensory and motor 
neurones. The main stems of the sensory axons run upwards 
towards the medulla and arborize round cells there, the axons 
from which pass to the opposite side of the body at the decussation 
of the pyramids, and on to the basal ganglia. The axons of motor 
neurones similarly run downwards from the decussation of the 
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pyramids and from above In fh** n ,, 

portent centres controlling'resph-atonf^H there are ak ° im- 

The main functions of the cerebehnm 9 va so-motor changse. 
band, the co-ordination of the mncpi™ a PP ear to be, on the one 

for the maintenance of attitude and for^h 6 ” 1 °* bod ^ both 

skilled movements, and, on the other hand The^ 0 * °, f highly 

paratus. The main fTncSons"of^ga“giTthe e h ViSUa ! ap - 

acts connected with the soeriaT cjari * M renex and mstmctive 
therefore, to represent hieh int P rm a’ - b e y might also be said, 

reC ?he y c«e e Sru h m °Z^ ^ 3,80 

higher psychicr p ^ g ^Tth^centee^to^ ^ ° f the 
S b^^r^th^el The" hi g he?° of 

JSta- r»t ^ P 4 ^ A- 

either on 

functions, sensory or motor hnf :j a j*/* j. 9 witn certain 
thought proper is still largely hypothetical °“ ° f “ reaS With 

by evidence 8 from^iTthnte ?V° l 0 f toves «gation. confirmed 

off in the cereb^l P corte^l con < dltl ° ns > ;t » Possible to mark 
x 1 X 1 tiie cereprai cortex with a fair degree of definitpn^^ an ^ 

the U motor ^eL 11 asso . ciated with certain functions. Thus 

association" a?e^ ^ remaining areas are called 

delimited °thaeTn? r ‘Vh haS been T more definitely and accurately 

‘ han an T other area. It is situated immediately in 

the ore-central Ure ° f ®° and °' occupying most of what is called 

a bo bl marked U ol? I ^. ad i 0inin /' With “ th is zone regions can 
of the hnHv wifK v,* ^be parts of the muscular system 

end^of thedr 7^ 1Ch th % &TG associated - Thus, at the lower 
the head eves etr f are Tr sltuated the centres for movements of 

heiSsphS-e ^ fibreS C ° nneCtmg Wlth the motor zone m the other 

The sensory areas , so far as they have been determined, are 
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situated in various parts of the cortex. The area for kinaesthetic 
and cutaneous sensations is just behind the fissure of Rolando, 
mainly in the post-central convolution. The area for visual 
sensations is situated in the occipital lobe—in the cunens, or 
wedge formed by the parieto-occipital fissure and an equally 
well-marked fissure on the medial surface, the calcarine. The 
actual sensory area is relatively restricted, but a considerable 
area round about is visuo-physic—that is, concerned with visual 
imagery. The middle third of the convolution immediately 
below the fissure of Sylvius—the superior temporal convolution— 
is the centre for auditory sensations, and most of the rest of that 
convolution is the auditory-psychic area. Taste and smell are 



Fig. 25. —Functional areas of cortex. 


located on the inferior and posterior portion of the frontal lobe, 
and particularly the portion of the cortex known as the hippo¬ 
campal convolution. This area and the olfactory bulbs may be 
taken as fairly definite and certain for smell, but there is some 
doubt with regard to taste. No area associated with pain has 
yet been discovered. 

As we have seen, the association areas are those areas of the 
cortex to which no definite function can be assigned. There are 
four important areas of this kind. The first comprises the greater 
part of the frontal lobe—all the area in front of the motor zone. 
The second is in the parietal lobe between the kinaesthetic and 
cutaneous area and the visual area. The third occupies the 
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greater part of the temporal lobe 
or island of Reil. 


The fourth is the insular lobe 


fw ^ s 01 P atnol °gical evidence it has been determine 

it has been found that a pathological in each oTti? 3 * 

areas is correlated with a particular type 

character of the nervous impulse. PhysiologicaUy, the oX 
evidence we can obtain of the passage of an impulse alone a nerve 

fhe he I 6 ”"? 0 f , el 5 f tnCaI ch anges produced. The measurement of 

being ite^ y elictrir a ! mP Th e ’ h ? w ?7 er : P recIud « the idea of its* 

thl velo^itv S of°thi "i 1 "?- “ ° f a “ “thdy different order from 
the velocity of the electric current. It is more likely that the 

nervous impulse passes along a nerve by a series of chemical 

m S ° me T hat r h& t ame way M a s P ark passes along a 
tram of gunpowder. In the latter case the gunpowder is de¬ 
stroyed m the process, and a spark cannot pass again till a new 
tram is laid. At the first glance this seems to cause any analog 
with the nervous impulse to break down. But in the nerve also 
there is a period of inexcitability after an impulse has passed, 
known as the refractory period. Two successive stimuli must be 
a longer period apart in order that the second may be effective. 

It is true this period is very short, but the fact that it exists saves 
our analogy. 

When a nervous impulse passes along more than one neurone, 
as in the sensori-motor arc, several phenomena of great interest 
and importance make their appearance. These phenomena have 
been interpreted by some physiologists as due to the functioning 
of the synapse or synapses involved, but for the psychologist the 
physiological interpretation is a matter of secondary importance. 

(1) A feeble stimulus may be strong enough to excite a sensory 
neurone, judging at least by the electrical changes, but not strong 
enough to produce any motor change. If, however, two such 
stimuli be given in quick succession a motor c han ge—for example, 

ovement in a muscle—is produced. This is termed summation. 

(2) The excitement of a motor system, which is produced by 
the stimulation of one sensory neurone, may be reinforced by th e 
simultaneous stimulation of another sensory neurone, connected, 
however indirectly, with the same motor system. Even when a 
motor system remains unexcited owing to the fact that the stimu¬ 
lation of the sensory neurone is too feeble, the stimulation of 
another sensory neurone, though in an equally feeble way, may 
produce excitement in the motor system. This is termed facilita¬ 
tion, but it is evidently a particular case of summation. 
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(3) Facilitation, however, does not always take place under 
these conditions. In different parts of the body there are pairs 
of antagonistic muscles or muscle systems. In such cases there 
may be reciprocal inhibition. That is, the activity of the one 
muscle tends to inhibit the activity of the other. Hence the effect 
of a sensory stimulus may be to inhibit the activity of a motor 
system already active, because of the fact that it evokes the 
activity of an antagonistic motor system. Phenomena analogous 
to those of facilitation and inhibition in the sensorimotor arc 
are found at all levels of the nervous system. 

The stimuli that excite a nervous impulse are normally 
received only at the terminal arborizations of the dendrites. It 
has been shown experimentally, however, that a nerve fibre can 
be excited at any point. Thermal, chemical, mechanical, or 
electrical stimulation may excite a nervous impulse when applied 
directly to a nerve fibre. The question has long been discussed 
whether the nervous impulses in different nerves are s imil ar, 
whether the nervous impulse, for example, in a motor nerve is 
similar to that in a sensory nerve, that in the auditory nerve 
similar to that in the optic. According to the theory of the specific 
energy of nerves the character of the impulse in a nerve is specific 
to that nerve. The view generally accepted, however, is that, as 
far as the nerve fibre itself is concerned, the character of the 
nervous impulse is identical in all nerves. 

So far, we have discussed only the cerebro-spinal nervous 
system, and the autonomic system has been passed with the bare 
mention. The fact is that it is the cerebro-spinal system that 
functions as the connecting group of cells in the psycho-organic 
system as a whole. From this point of view the autonomic 
system is not merely secondary and subordinate, but it really 
belongs, not to the connecting group of cells, but to the effectors. 
As such, we shall have to discuss it presently. 

The Effectors 

The effectors comprise the cells composing the muscles and 

glands. In each case two groups must be distinguished, among 

muscles, the striped, voluntary, or skeletal muscles, and the 

smooth or involuntary muscles, and among glands, the duct 

glands, and the ductless or endocrine glands. In addition, we 

must regard the autonomic nervous system as belonging here, 

and as associated particularly with the involuntary muscles and 
the glands. 

The striped or voluntary muscles are of different shapes and 
sizes. Their structural unit is the muscle fibre or cell. In each 
muscle there are numbers of these cells, grouped in bundles, and 
generally lying parallel to the long axis of the muscle. The 
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sheath'r.f^r. <. h le ' ls surToa nded by a sheath ti, 

sheath of motor nerves passing into the The m edullary 

muscle sheath. The nerve then breaks un Inf dlSappears at thk 

possess receptor organs, from which sen^t?" Musd “ ^ 
Unstrfoed Sym P atl ? etic or autonomic lbres PaSS ' 33 W 'U 

menta^ canal, the visceral organs Ld^he W Z^ 3 of the aU ' 

type of muscle cell in these differs mfrkeHl bl ? od * vessel s. The 
^ riped muscle. It is small and spindle-shanJf fr c m u hat of the 
to form membranes. Generally soeakiL fh P ^* ^ uch ceUs unite 
muscles have their nerve supply from the aufnn ^ stl ^P ed or smooth 
The other group of the effectors ^ he . aut °nomic system. 

and ductless. These play a principal plrt^in^vitS glandS ’ dnct 
stimuli. The chief ducfglan ds in th! 2 r S amsm to environmental 

the pancreas, the kidney!, with thoie th!e 3X6 < ?° se of the Uver . 
and digestive juices generally, and sweat sallva ’ gastric 

internal secretion, which it passed in),, !!, le P anc rcas, secrete an 

stimulates or inhibits activity in other part^of'th^ dlrec ‘ 1 y' and 
ture —hormones or autacoid subslawet P ™ f th or « anic st ™=- 

As we have seen, the autonomic nervous svstem ic o 
connective system belonging to the cfWw vf™ ? f, secondary 

organic system, and controllimr „ rfn " cto T. Sld ® of the psycho- 

the activity of the involuntar| muscles^and 1 ^ 110 F particuIar 
apparently purely motor. AtTeast there ^ no ^f fi glands ‘ ** * 
to show that it has an afferent system of 

ganglia. By meanfof such fibred r Wl “ Ch end autonomi < : 
controlled by the cerebrospinal aa ‘f°™<=.ptem is partly 
aroused independently of fh^ k lts - a< T tlvlt y C3 - n also be 
autacoids from the endocrine glands SPm ' “ particular b 7 

paraUel on e!!™ddTto e Th!°^ r ^ c ,r d Ch t t in ,° f ganglia running 

thorax, abdom!“Ind peliS Th^°n 8 * ° rgaDS “ the 

As a resuu“?Ly havi ! iev aoo Vered direCtly with 

white fibres of the cerebro^pTna? system. 6 “ Contrasted with the 




APPENDIX B 


SHORT METHODS OF CALCULATING CORRELATION 


T HE formula given for calculating correlation in the text 

(Introduction) is the Bravais-Peaxson “ Product Moments ” 
formula. This is the standard fromula, but its employment 
involves somewhat lengthy arithmetical calculation, even when 
tables are used. Consequently, short methods of calculating 
correlation are more frequently employed. Of these short 
methods, the favourite one is probably the Spearman “ Foot- 
Rule formula. To use this the individuals must first be 
arranged in ranks in the two series—first, second, third, etc. 
All instances in which an individual has gained a place or places 
in the second series as compared with the first are noted, and 

the sum of the places gamed ascertained. The formula indica¬ 
ting correlation is then :— 


R 


6lg 


N* 


ire 2g is the sum of gains 
The relation of this coeffi 
iven by the formula:— 


iN the number of cases. 

R to the Pearson coefficient r 


sin ^r\ 


A still simpler formula may be employed, at least provisionally 

an. as a first approximation, to indicate the relation between two 
senes of measurements. If we let 

a equal the number of individuals above the mean in both 
senes; 

6 the number of cases below the mean in both ; 

c the number of individuals above the mean in the first but 
below the mean in the second ; and 

d the number above the mean in the second, but below the 
mean in the first, then the formula 

ab — cd, 

ab + cd 
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will give approximately the relationship, or will, at least, indicate 
whether any marked degree of correlation exists. Another formula 
on the same basis, but giving a closer approximation, is :— 

y/ab — y/cd 
W y/ab + V cd 


where o> is what Udny Yule has called the "Colligation" or 
" Association ” coefficient. The Pearson coefficient can be ap¬ 


proximately obtained from it by the same formula as in the case 
of R, i.e. f — sin »Y 
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THE EFFECTS OF DRUGS 


C LOSELY connected with the effects of fa,tisrue at least 

with fatigue caused by loss of sleep, is the efflct'of drugl! 

this ought, perhaps, to have been considered in the 

Chapter on Work and Fatigue, but the following short note 
must suffice. ° 

Any investigation into the effect of drugs and stimulants 
requires careful experimental technique, if the results are to be 
m any measure satisfactory. For instance, individuals who act 
as subjects are influenced by suggestion. Certain results are 
expected, and the phenomena which are described after par- 
takmg of the d rU g may be as much caused by suggestion as by 
the drug itself. As a matter of fact, much of the experimented 
work on drugs has been discredited because of the failure to 

.A bfent; Sf, • mfluen< ? of tMs factor - To eliminate suggestion 
Sooted^' % ‘j SOmetin ?f s ““Practicable. But the chief method 

substance—l°nTpthrJf e "! g b J m ™S * “ som e neutral 

the dru «' at other times it is a hapless’ poton. 
vnised however ' are unaware of the changes in the dis- 

portant rfik S the exocrimed,? s . u f estion do ^ play an im- 

With the harmless mixture and with the druv and i„ «T 
quence such effects can be discounted. onse 

men^isThi/’nTh ?' 011 ad<v “ “ the technique of drug expert- 

tara iom w°h Te Ve t. daiIy ’ k OT 38 ar ran? ed . dos^ of P the mL 
influences oi the sublecte proper “ttev Ire" tes^^ 0P “ t0 f the 

Such grouDs are w, 0™.**°* 016 dnig ’ but a harmless mixture. 

A S ^ ons . ec i uen ce, comparable. 

suitable tests tes^s i ?™ 8 ““vestigations is the devising of 

Subjective eritenA are nn? JSZ. ^ ^ bjective character 

1 e cntena are not always reliable, and do not always 
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correspond with actual performance. This is well illustrated in 
a very interesting series of experiments carried out by McDougall 
and Smith. 1 A common subjective effect which was present 
during many of the alcohol experiments was the pleasant con¬ 
viction that the experiment was being well done: “ in fact, that 
particular view persisted long after the delusive nature of the 
experience was well known, and it frequently crossed the sub¬ 
ject's mind that in this or that particular case alcohol was not 
having its usual effect, only to find the customary increase in 
the errors made when they were counted/' * Two objective tests 
recommended as a result of this investigation are the " dotting 
machine " (devised by McDougall), which is a test of sustained 
voluntary attention, and the " windmill illusion." This latter is 
claimed to be a delicate index of the effect of any drug, the plan 
adopted being that of trying to hold each phase of the illusion 
as long as possible. With one subject, a small dose of 10 c.c. of 
absolute alcohol (mixed with three times its bulk of water), was 
sufficient within half an hour after it had been taken, to reduce 
the rate of alternation by nearly 50 per cent. 

The general effect of alcohol is to increase the number of 
errors in any task, a greater number showing after an interval, 
say, of an hour than immediately after partaking of it. Again, 
alcohol to the amount of 30 c.c. taken with a meal produces slight 
effects either subjective or objective, but when taken from two 
to five hours after a meal, the effects are clearly indicated. In 
taking alcohol when fatigued from voluntary lack of sleep for a 
few consecutive nights, McDougall and Smith found that alcohol 
acts in a harmful manner when the fatigue effects are in evidence, 
but as the approach to normal takes place, the phenomena are 
different, a notable decrease in errors is «made and the drug seems 
to act beneficially. 

The chief drugs which have been investigated are nicotine, 
caffein, alcohol, strychnine, and opium. 


1 “ The Effects of Alcohol and some other Drugs during Normal and 
Fatigued Conditions." Medical Research Council, Special Report Series, 

No. 56. 

* Ibid.., p. 9. 






APPENDIX D 


GESTALT PSYCHOLOGY 

T HE apparent attempt of Gestalt psychologists to rewrite 

psychology is based upon an experimental psychology 
differing in many respects from what we may call the 
classical experimental psychology. In a text-book of experi¬ 
mental psychology some notice must obviously be taken of the 
experimental work of these psychologists, whatever may be our 
attitude towards the Cxestalt theories. It cannot be said, however 
that this experimental work is independent of the theories. If 
one were to attempt a criticism of Gestalt psychology it would 
start from this point. In their anxiety to avoid anything of the 
nature of an atomistic psychology, and to emphasize organization 
and “ wholes " in our experience, there is a tendency for these 
psychologists to concentrate upon certain types of experience and 
certain types of experiment. As a result they appear too often 
to lose all perspective, and not infrequently to rest satisfied with 

experimental investigations that are highly artificial as to content 
and inadequately controlled as to method. ’ 

The field in ivhich the most important and m ost characteristic 

work of the Gestalt psychologists has been done is the field of 

sense perception, and what is possibly the most valuable of their 

original contributions to psychology as a whole is in this field. 

It might almost be said that Gestalt psychology, so far as it is 

really new and original, is characteristically an attempt to apply 

through the whole range of mental phenomena the chief results 

of the findings reached in the study of sense perception, particu¬ 
larly of visual sense perception. 

It is of very great importance that we should be clear on this 
point. Organization in experience may be of different orders and 
dependent upon different conditions. In a living organism there 
is an interconnection between all the parts, so that no modifica- 
tion can take place in any part without all other parts being 

a G< 1 ^ ,, ° a £> rea -^ er or less extent. We might speak of this as 
vital organization and regard it as dependent upon a dynamic 

of organism. Then there is an organization in our sensory experi- 

ence, which appears to be conditioned by forces in the sensory 

field itself. This we may call “ field ” organization, and regard 

as dependent upon a psycho-physical dynamic at the sensory 
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level. But there is also a cognitive organization and a conative 
organization, which other psychologists have described and 
discussed, and which cannot apparently be reduced to either or 
both of the other types. It might fairly be said that the Gestalt 
psychologists emphasize to an almost exclusive extent the type 
of organization which is conditioned by forces tensions in the 
psycho-physical field, of which the chosen model appears to be 
organization in the sensory field. Psychologists, like Spearman, 
seem to emphasize in an almost equally exclusive way cognitive 
organization, and an emphasis, though not exclusive,-on conative 
organization is very characteristic of Stout s teaching. These 
two latter types of organization, however, the Gestalt psycholo¬ 
gists do not appear to recognize as types differing in any way 
from th e organization due to psycho-physical dynamic in the 

sensory field. ,. . _ ., , 

Some of the work upon which the conception of a field dynamic 

in sensory experience rests, has already been alluded to (Chapter 
VI). Here the chief phenomena of this dynamic may be illus¬ 
trated by a brief description of typical experiments. 

I. Figure and Ground: A sensory field always presents 
characteristics, which the Gestalt psychologists, following u in, 
usually describe as “ figure and ground." This means that part 
of the sensory field stands out as a ^SJJSatedwhole u ponaback- 
ground formed by the remainder of the field. The part of the 
field which becomes “ figure ” at any time is determined by vari¬ 
ous conditions which may be experimentally investigated. Fa 
example, suppose we have a number of dots (or lines or shapes) 
scattered more or less irregularly over a presented visual field. 
The conditions under which they will fall into segrega e groups 
can be readily determined. A segregated group wdl then stand 
nnt as a ** figure " on the ground of the rest of the field. Ih 
main conditions which favour the formation of segregated groups 

appear to be : 

1. close proximity to one another of a number of Jots 
2 some common characteristic of some of the dots, di 

tiating them from the others, such as shape, size^ or 

3. the C< formation by some of the dots of a simple, regular, 

or closed figure. 

II Prdgnanz and Closure : Simple experiments of the same 
kind wiU afso serve to bring out the influenced what theGestalt 
psychologists call " pragnanz and closure. Y p-ood “ 

possible* in the existing conditions, that is. as regular, simple. 
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stable etc., as possible. This tendency, as it were, expresses the 
interaction of the forces or tensions in the sensory field, so as to 
bring about a state of relative equilibrium. “Closure is at one 
and the same time a condition and a result of this tendency. 
Closed ar ea s have a stability of organization which gives them an 
ability to resist any modifying or disrupting forces. Not only 
so, but closed figures may be perceived when there are really 
gaps in the objective patterns, where the closure of these gaps 
produces a stable figure, and this again as a result merely of 

sensory dynamic. , ., ,, 

Another way of regarding the phenomena is to consider the 

gaps (and the same is true of irregularities and the like) as setting 
up tensions in the psycho-physical field, which only disappear 
with the closing of the gap. The phenomena are encountered 
again in learning and in thinking, according to the Gestalt reading 

of the situation. , .. 

Both “ pragnanz ” and “ closure exemplify, therefore, the 

distribution of tensions in the sensory field. In illustration 
certain phenomena of simultaneous colour contrast may be taken. 

Let us quote from Koffka : 1 

“ On a ground half red, half green, lies a grey ring. Looked 
at naively, it will appear more or less homogeneously grey. Now 
divide the circular ring into two semicircular ones by laying a 
narrow strip of paper or a needle on top of the boundary between 
the red and the green fields. At once the semicircular ring on 
the red field will look distinctly greenish, that on the green field 
distinctly reddish. We may express the result of this experiment 
thus : a unified figure will look uniform under conditions where 
two segregated figures produced by the same stimuli will look 
different from each other.” 

These, however, are not all the facts, though the additional 
facts do not appear to affect the main contention. The breadth 
of the circle has very marked influence on the experience. If 
the circle is, say, half an inch in breadth, it may be seen, as 
Koffka states, as a practically uniform grey, whereas if it is only 
an eighth of an inch in breadth, it is by no means uniform in 
appearance, even before it is divided into semicircles. The 
phenomena, of course, have been long known, and have been 
investigated even more systematically and more carefully by the 
classical experimental psychology than by the Gestalt psychology. 
Analogous phenomena appear when the circle (or a cross) is 
observed directly, and under a sheet of tissue paper, the effect of 
which is to make the contours of the circle less definite. 


1 Principles of Gestalt Psychology, p. 134. 
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III. The Constancies: The phenomena grouped together 
under this head are probably the most interesting of all the 
perception phenomena discussed by Gestalt psychologists. There 
may be some question, however, whether they belong with the 
other sensory phenomena. They are described as phenomena 
of the “ framework ” within which organization takes place, 
and by which the organization itself is influenced. The influence 
of the framework is perhaps best illustrated by the experiment 
of projecting after-images on to surfaces at different distances, 
in different directions, and inclined at different angles to the 
vertical; the size or shape of the after-image will be correspond¬ 
ingly altered. 

The so-called “ constancies ” represent what might be de¬ 
scribed as the converse of this. Our experience of shape, size, 
brightness or colour is determined in part by the retinal impression, 
but in part also by the “ real ” object. If, for example, the 
“ real ” object is a circle, lying in a plane inclined to the line of 
vision, the retinal image is an ellipse, but our experience is of a 
circle, and if we attempt to equate to the circle as seen, an ellipse 
in a plane normal to the line of vision, that ellipse will approach 
more closely the circular form than does the ellipse actually 
impressed on the retina. 

Investigators of these phenomena, like Thouless, for example, 
speak in such cases of “ phenomenal regression towards the real 
object.” Phenomenal regression is also exhibited in the case of 

The size of a near square equated to a distant square is 
usually much nearer the “ real ” size of the distant square than 
it would be if determined by the relative sizes of the retinal 
images. 

Even more striking are the phenomena in the case of bright¬ 
ness and colour. The chief work in this field has been done by 
Katz and Gelb. If a white disc is placed in low illumination— 
at a distance from the source of light, or in shadow—it still looks 
white, although it may be described as in low illumination or in 
shadow. If now an attempt is made to equate to it a rotating 
disc with white and black sectors, placed in full light, it will be 
found that an exact match cannot be obtained, but only what 
looks at best an approximate match. An exact match may he 
obtained by using a “ reduction screen.” This is a sheet of grey 
cardboard interposed between the subject and the discs, with 
two apertures so placed that one disc is seen through one, the 
other through the other. When the approximate match obtained 
directly is looked at through the reduction screen it appears much 
too light, whereas if the match obtained with the reduction 
screen is regarded without the screen, it appears much too dark. 
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_ _ _ between 

These phenomena ieaa ~~ ~C' 4 if the laws 

colours an ^ ^ ^ f ormer an <i not to tne lacier. 

° f Sa phenomena appear with colours. If a white disc is 
•11 S with filtered red light and a red disc is simultaneously 
illumined with white light, it is impossible to get 

tion m^dition of white to the red disc. The white -te: always 

looks white in red illumination On the other hand, wit 

reduction screen a match is easily obtained. , . 

Gelb has described a beautiful experiment in which black is 

made as it were, to become white. If in a dark room a black 
disc is brightly illumined, it will appear white and the rest of 
the visual field 7 black. If, however, the experimenter now intro¬ 
duces a small piece of white paper into the cone of llluminatio 
and close to the black disc, the latteratonceiooks blac ^* 

IV Perceived Motion : The work by Wertheimer on perceived 
movement, already referred to in Chapter VI, represents the 
beginning of the systematic development of Gestalt psychology. 
Wertheimer’s experiments were experiments on stroboscopy 
movement, and are at once the best illustration of, and tb e bes 
evidence for, that sensory dynamic upon which t 

psychologists lay such stress* . ** 

To sum up the situation. No one can be in any doubt regard- 

big the conclusiveness of the evidence adduced by the Gestalt 
psychologists in favour of the view that there is a sensory dynamic 
upon which the organization of our sensory experience depends, 
at least in part. Nor can one be in any doubt as to the veiy 
real value of the contribution made to our science by the Gestalt 
psychologists in this connection. That our whole experience, 
however at all levels, can be adequately described on a similar 
basis is more than doubtful. In accounting for depth perception 
the Gestalt psychologists specify the usually accepted depth 
factors, and proceed as before to “ explain ” on the basis of sensory 
dynamic. At this point their psychology begins to seem less 
adequate. When learning, thinking, emotion, and volition are 
crushed into the same mould, the ordinary psychologist begins 
to rub his eyes, and to wonder if he has all along been under a 
delusion in thinking that cognition and judgment involved an 
organization of a different order altogether, interest and purpose 
another kind of organization still. The attitude, too, of Gestalt 
psychologists to the problem of ** meaning suggests an over¬ 
simplification of the phenomena, and at times even a misunder¬ 
standing of the situation. 
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Myers. Textbook of Experimental Psychology. Parts i and 2. 
Titchener. Experimental Psychology, Qualitative. Parts 1 and 2. 
Quantitative. Parts 1 and 2. 

Schulze. Experimental Psychology and Education. Trans, by 
Pintner. 

Seashore. Elementary Experiments in Psychology. 

Sanford. Experimental Psychology. 

Witmer. Analytical Psychology. 

Stratton. Experimental Psychology. 

Scripture. The New Psychology. 

Scripture. Thinking, Feeling, Doing. 

Woodworth. Contemporary Schools of Psychology. 

Introduction 

Brown and Thomson. Mental Measurements. 

Dawson. Computation of Statistics. 

Scripture. The New Psychology. 

Titchener. Experimental Psychology. 

Udny Yule. Introduction to Statistics. 

Chapter I 

Collins. Colour Blindness. 

Edridge Green. Hunterian Lectures on Colour Vision and Colour- 
Blindness. 

Greenwood. Physiology of the Special Senses. 

Ladd-Franklin. Colour and Colour Theories. 

Parsons. Introduction to Colour Vision. 

Rivers. Article on Vision in Schafer’s Textbook of Physiology. 


Chapter II 

Helmholtz. Sensations of Tone. 

Miller. The Science of Musical Sounds. 
Watt. The Psychology of Sound. 
Watt. The Foundations of Music. 
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Chapter III 

Greenwood. Physiology of the Special Senses. 
Head. Studies in Neurology. 

Scripture. Thinking. Feeling. Doing. 


Chapter IV 

Gamble Review of Henning. American Journal of Psychology 

IQ2I, Vol. XXXII. pp. 290-295-. , o 
Greenwood. Physiology of the Special Senses. 

Hollingworth and Poffenberger. The Sense of Taste. 

Scripture. Thinking, Feeling, Doing. 


Greenwood. 
Sherrington. 

System. 

Woodworth. 


Chapter V 

Physiology of the Special Senses. 

The Integrative Action of the Central Nervous 

Le Mouvement. 


Chapter VI 

Galton. Enquiries into Human Faculty. 

Koffka. Principles of Gestalt Psychology. 

Kohler. Gestalt Psychology. „ „ 

Pear. Remembering and Forgetting (Coloured Thinking) 

Pierce. Studies in Space Perception. 

Scripture. Thinking, Feeling, Doing. 

Stout. Manual of Psychology. 

Wolters. The Evidence of our Senses. 


Chapter VII 

James. Principles of Psychology. 

Pillsbury. Attention. 

Ribot. Psychology of Attention. 

Titchener. Lectures on the Elementary Psychology of Feeling 
and Attention. 


Chapter VIII 

McDougall. Physiological Psychology. 
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Titchener. Experimental Psychology. 

Watson. Psychology from the Standpoint of a Behaviourist. 
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Watson. Psychology from the Standpoint of a Behaviourist. 
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